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AMERICAN SOCIETY OF BIOLOGICAL 
CHEMISTS, INC 


Diftith univeruny 
ADOC = As6dO 


Published quarterly by the 
FEDERATION OF AMERICAN SOCIETIES 
for EXPERIMENTAL BIOLOGY 


1. SPEEDS RESEARCH—clear, plastic walls permit daily cage inspec- 
tion, aid observation of rodent development. False mesh bottoms 
speed metabolism tests and keep animals clean. 

2. CLEANER — lower portion of cage is free from crevices and 
corners, thus cleaning usually involves only (1) turning cage upside 
down and (2) brushing unclean surfaces with hot soap suds and 
rinsing in hot water. Body acids and urine do not affect plasti: 
cages. We recommend our HYTRON as a disinfectant. 

3. SAFER — slow changing temperatures of smooth plastic walls 
protect rodents against drafts, and sudden temperature changes, 
thus reducing mortality rate. 

4. VERMIN PROOF —the plastic MOUSE-HOUSE automatically 
eliminates the outside enemies to highly technical research. 


5. LESS COSTLY — by comparison with utility value of other cages. 
With reasonable handling these cages last indefinitely, making 


them more economical. 


Follow the lead of a large majority of research 


MODEL 150 
STANDARD 


CLEAR PLASTIC CAGE FOR RATS AND HAM.- 
STERS. Molded from crystal clear plastic sheets; 
interchangeable stainless steel perforated cover fits 
snugly on the fluted sides of cage and has two special 
openings for inserting drinking tubes. Stainless steel 
feed cup fits over the end of the cage, inside the top 
rim, has a slotted base and a suspended hood. Perma- 


nent record - on end. Cage size for all 150 Models 


11” 


x 18Y 


x 644” 


MODEL 101 

CLEAR PLASTIC STOCK 
CAGE FOR MICE. Has all 
the construction features de- 
scribed for Model 150, but 
is smaller. Accommodates 
small rodents, cage size 
1114” x 7," = 3”. 


departments in leading universities, hospitals, pri- 
vately endowed institutions and government 
bureaus who are regular users of this modern 
plastic animal cage. Everyone who uses this prac- 
tical economical way of caging experimental 
rodents say the MOUSE-HOUSE cage is superior 
in every way. 


CLEAR PLASTIC > 
FOR RATS AND HA 
STERS. Has same features aT 
other plastic cages plus a 
stainless perforated slide-on 
cover with built-in food hop- 
per which can be filled 
without opening the cage, 
plus a removable expanded 
metal grate above the plastic 
bottom. Grate is removable 
for cleaning. Size 13” x 914” 
x 7”. 


MODEL 110 





MODEL 103 STANDARD 
CLEAR PLASTIC CAGE 
FOR MICE. This cage has all 
the construction features de- 
scribed for Model 101 ex- 
cept the size is smaller. Cage 
size for all 103 Models 
Lage” x 336" x 5”. 





MODEL 102 STANDARD 
ose PLASTIC CAGE 

R MICE. Has all the con- 
pina features described 
for Model 101 except the 
general shape is square in- 
stead of rectangular. Cage 
size for all 102 Models 1114” 
x 114%,” x 614". 


In addition to the Standard Models shown all MOUSE-HOUSE cages are available 
with a variety of metal — especially designed for the varying needs of animal care 


and observation. 


A 


Write today for more information. 


Plasties 


. MEDIA, PA. 


Specialists in Scientific Plastic Processing 
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Spinco Model R 


PAPER ELECTROPHORESIS 
ASSEMBLY 


ae 


300-911 


PAPER ELECTROPHORESIS ASSEMBLY, 
pinco Model R. For reproducible separation and 
antitative measurement of electromigratory 
rum components, affording high resolution and 
niformity of migration. Consisting of a Durrum 

type migration cell, power supply for closely con- 

trolled power input, and the Analytrol—a den- 

pmeter specially designed and calibrated for 
llood serum analysis, and which automatically 
scans, plots and integrates dry paper strips in 
to 3 minutes. 

Advantages are: the small size of the cell; a 
ompletely developed and tested system for blood 

m proteins; and a densitometer which com- 
ensates, by built-in correction factors, for 
eviations otherwise introduced by interpreta- 
tion of uncorrected absorbance measurements of 
lye density on paper strips. 

ttrophoresis Cell, Durrum pe. Processes simultaneously 

ight paper strips, conveniently placed on and removed from a 
ding Nylon rack. Cell is constructed of transparent metha- 

frylate plastic, with full length baffled buffer reservoirs and 
tinum electrodes. Serum samples are evenly distributed in 

uniform stripe at the apex of the paper strips, using the special 
al plicator. Electrical connection to the strips is established 
ove the liquid level of the buffer in each reservoir through 
horizontal wicks, which eliminates subsequent blotting or 
mming of the strips with consequent disturbance of the 
migration pattern. After the migration period, the racks can be 
fol to horizontal position and placed directly in the 
ing oven, without handling the wet strips. 


fat Power Supply. Range 0 to 500 volts. With connections 

use with two cells. Provides automatically regulated power 

put, either constant-current or constant-voltage. Accidental 

ntact with output-voltage circuit is preven as current is 

supplied until cover of cell is safely in position and the elec- 
fo-mechanical interlock is closed. 


More detailed information sent upon request. 


SYMBOL OF QUALITY 


<4 For routine clinical labo- 
ratory analysis of blood 
serum proteins 


< Rapid, automatically re- 
corded, reproducible 
evaluation of components 








Analytrol (Densitometer). A curve-drawing integrator which 
automatically scans finished paper strips in two to three 
minutes. Oiling of strips to render them translucent is un- 
necessary. Converts the color density pattern into a pen drawn 
concentration curve, simultaneously making a saw-tooth 
integration tracing. Provides an accurate measurement of the 
area under each peak, which area is quantitatively related to the 
concentration of the component defined by the curve. 

300-911. Electrophoresis Assembly, Spinco Model R, 
complete with dyeing and washing trays and other auxiliary 
equipment for one cell operation and detailed instructions for 
serum protein analysis; for 115 volts, 60 cycles, a.c. 1,656.00 
300-000. Electrophoresis Cell, only 190.00 


301-100. Duostat Power Supply, for 115 volts, 50/60 cycles, 
200.00 


300-300. Analytrol, only, for 115 volts, 60 cycles, 
SiGindjaeke ickunesoutes nes 


1,190.00 


ARTHUR H. THOMAS COMPANY 





A.H.T.CO. 
LLABORATORY APPARATUS 


. More and More 
P. O. BOX 779 


_ __ Laboratories 
; RELY ON THOMAS 


y 1956 


Labnaloy Afparalus and Reagent 


PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System TWX PH-72 
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Federation Proceedings 


Published by 


FEDERATION of AMERICAN SOCIETIES 
for EXPERIMENTAL BIOLOGY 


American Physiological Society 

American Society of Biological Chemists 

American Society for Pharmacology and Experimental Therapeutics 
American Society for Experimental Pathology 

American Institute of Nutrition 

American Association of Immunologists 


EDITORIAL BOARD FEDERATION PROCEEDINGS is published quarterly. 
The March issue consists of the Abstracts (Part I) of the 

F. S. CHEEVER papers presented at the scientific sessions, and the Program 
mate (Part IL) of the Annual Meeting of the Federation. The 

R. W. ENGEL July and September issues contain symposia and other 


special papers presented at Federation meetings as se- 
lected by the Editorial Board. The December issue con- 
tains the membership list and other matters pertinent to 
the Constituent Societies of the Federation. 


C. C. Erickson 
Puitie HANDLER 


Haroip C. Hopcr ; 
Entered as second class matter March 16, 1942, at the Post 





Louis N. Katz Office at Washington, D. C. under the Act of March 3, 

1879. Copyright 1956, by the Federation of American 
Mitton O. Lee Societies for Experimental Biology. Printed at Waverly 
Managing Editor Press, Baltimore, Md. All rights reserved. 


SUBSCRIPTION PRICE: $7.50 per year ($8.00 Canada, $8.50 foreign) payable in advance. 
Single Issues: March, Part I (Abstracts) $5.00, Part II (Program) $1.00; July and September, 
$2.00 each; December, $3.00. Subscriptions and orders should be sent to: 


Federation Proceedings 
9650 Wisconsin Avenue Washington 14, D. C. 


July | 
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from 


POETRY. :. 


“,..in today already walks tomorrow.” 
COLERIDGE 


to 


PHILOSOPHY... 


“,..most human activities advance by virtue 

of contributions from many different types 

of individuals, with vastly different endowments, 
working at different levels. Medical investigation 
is no exception to this rule.”* 





to 


PHARMACEUTICALS 


“In the research activities of the pharmaceutical 
manufacturers, therapeutic trends based 

on fundamental advances in biology and medicine 
clearly modify continually the subjects 

and directions of research.”** 


sAf. Sait 


H. L. Daiell, M.D. 
Scientific Director 





P.S. Lakeside Laboratories specializes in the 
synthesis of new and distinctive compounds designed 
for “tomorrow’s” therapy of cardiorenal, 
gastrointestinal, ventilatory and other disorders. 


*The American Foundation: Medical Research: 

A Midcentury Survey, Boston, Little, Brown 

and Company, 1955, vol. 1, p. XXXI. 
**Ibid., p. 600. 
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Precision graduated for perfectionists... 


PYREX brand labware 


To say it another way—“A” is for ac- 
curacy and that’s what you get in 
PyrEx brand graduated laboratory 
ware. 

Each piece of our volumetric glass- 
ware bearing the letter “A” tells you 
it meets Guaranteed Class A Capacity 
Tolerances as set forth by the National 
Bureau of Standards. 

As for transfer pipettes, we go to 
extremes to see that they hold what the 
lines say they do. We make our bu- 
rettes with a special precision bore, the 
purpose of which is to provide ex- 
tremely fine accuracy between any two 


points. And with certain special grad- 
uated items, we enclose a Corning Cer- 
tificate of Accuracy . . . an ironclad, 
gilt-edged testimony to precision cali- 
brations. 

If you are a perfectionist by nature 
or by occupation, PyREx brand grad- 
uated ware will please you. Your Cor- 
ning Laboratory Supply Dealer will 
gladly fill your requirements. 


CORNING GLASS WORKS 
86-6 Crystal Street, Corning, N. Y. 


Connieg meant research it Glas 


PYREX’® laboratory ware 


... the tested tool of modern research 
FEDERATION PROCEEDINGS 


Volume 16 


se) 


op 
th 


eq! 
ty] 
pri 





July 1§ 











CARLY FLUORESCENCE 
Bat MICROSCOPY 


Made in West Germany 





lluorescence Microscopy is becoming 
increasingly important in fundamental 
research, histology and physiology, as 
well as clinical and diagnostic routine 
examinations in haematology, bacteri- 
ology and parasitology. 


THE CARL ZEISS LARGE FLUORES- 
CENCE EQUIPMENT was especially 
designed to completely fulfill the require- 
ments of modern fluorescence microscopy. 
Ultra-violet or blue-violet excitation is 
established by means of special filter 





combinations, permitting fluorescence ob- 
servation over the entire range of the 
visible spectrum. Transparent as well as 
opaque specimens can be examined with 
this equipment. 





A high-pressure mercury vapor burner produces such intense luminosity that the 
equipment is not only suitable for observation but also photomicrography. For this 
type of work we recommend the well-known Attachment Camera with beam-splitting 
prism for fluorescent light and camera body for 35mm color or black-and-white films. 





Write for free detailed literature 


CARL ZEISS, INC. 


485 Fifth Avenue, New York 17, N. Y. 


Guaranteed uninterrupted repair service 
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MODEL C100 ACTIGRAPH—Permits completely automatic scanning and recording 
of radioactivity distributed along strip radiochromatograms. Separated chemical com- 
ponents are accurately located while the recorder provides a permanent record. Elimi- 
nates strip dissection or tedious manual assay procedures. For use with Model D47 or 
thin window counters. 


MODEL M5 Manual Sample 

Changer—Especially designed 

for use with the D47 gas flow 
MODEL C110A Automatic Sample Changer— counter. Revolving table con- 
The ultimate for automatic sample counting. For tains three recesses: (1) sample 
use with either the D47 or mica end window loading, (2) pre-flush, and (3) 
counters for beta emitting samples, or with scintil- counting positions. Ideal for 
lation detectors for gamma emitting samples. laboratories counting small or 
System accepts up to 35 samples—requires no moderate numbers of radioac- 
attention—presents printed data. tive samples. 








VAN SLYKE-STEELE Gas Phase 
Assay System—Highest possible 
counting efficiency with radiocarbon 
samples is obtained with Van Slyke- 
Folch Manometric Apparatus, Bern- 
stein-Ballentine counter tube and 
glassware, andaproportional scaler. 
The procedure involves the wet com- 
bustion of an organic sample, a 
manometric measurement of the 
gas, and proportional counting. 
Complete system available only 
from Nuclear-Chicago. 


CARBON-14 
COMPOUNDS 


@ Nuclear-Chicago is now making 
available the most complete list of radio- 
active carbon-14 compounds. Over 150 
carbon labeled materials are available. 


These products are fully described 
in our current Catalog P. Write today 
for your copy. 






























MODEL D47 
GAS FLOW 
COUNTER 


An extremely efficient detector for samples 
emitting soft beta radiations. Ideal for car- 
bon-14 and sulfur-35 measurements. May 
be operated windowless for maximum sensi- 
tivity or with the exclusive ‘Micromil” win- 
dow in both Geiger or proportional regions 
—has virtually unlimited life. 






FY nuclear - chicago 


NUCLEAR INSTRUMENT AND CHEMICAL CORPORATION 


241, ae 5 Erie 


LEADERS IN MAKI 





Street, Chicago 10, Illinois 
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OR bacteriological, serological, 

hematological or chemical tests, 
correct measure is assured with Fisher 
pipettes. 

There’s a type and size for every 
clinical purpose. Each pipette is accu- 
rately graduated, easy-to-read. 

This wide variety of pipettes is 
typical of Fisher’s vast selection of 
supplies for every laboratory require- 
ment. Whether it’s pipettes or spec- 
trophotometers, rubber stoppers or 
steel furniture .. . 


... your best 
source is your 


Fisher Catalog 
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for good 
measure... 








PIPETTES 
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FISHER {} SCIENTIFIC 
Boston Cleveland Philadelphia Washington 
Buffalo Detroit Pittsburgh Montreal 
Chicago New York St. Louis Toronto 


America's Largest Manvufacturer-Distributor of 
Laboratory Appliances and Reagent Chemicals 
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important research news! | => 








7 essential 


20 amino acips a aR 


- pi-Lysine Monohydrochloride 
4 d ey *pt-Methionine 

synt esize y Dow bi-Phenylalanine 

Di-Tryptophan 


ot-Valine 
You may have a vital interest in the important devel- : 
opments coming from the Dow laboratories. 13 nonessential 
: “ 2 N-Acetyl-pt-Alanine 
Listed at right are seven essential and thirteen non- N-Acetyl-pi-Leucine 
essential amino acids which have been synthesized ‘ue 
° ng N-Acetyl-p1-Tryptophan 
by Dow. Three of them are now available in com- n-Aeoty)-01-Veline 
mercial quantities and the rest may be obtained in pt-Alanine 


Dt-2-Aminobutyric Acid 
2-Methylalanine 

bi-3-(3, 4-Dihydroxypheny!)alanine 
*Glycine, N.F, 


pilot plant quantities. 


Interested in more information about amino acids? 








Then write us—we will be happy to discuss their pt-Norvaline 
potentialities with you. Address THE DOW CHEMICAL pina 
comPAaNy, Midland, Michigan, Department PH887G-1 *avoilable in commercial quantities. 


FIC you can depend on DOW CHEMICALS 
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Guyton— 
Textbook of Medical Physiology 


Three Written with a real understanding of the average medical stu- 
dent’s scientific background, this book presents the essential 
facts about the human body and its component parts. 

By careful wording, by example and by schematic illustrations, 
New Dr. Guyton succeeds in developing a working concept of normal 
physiology which will serve as a firm basis for later understand- 
ing of disease and its manifestations. Body physiology is pre- 
sented as a myriad of control systems and not simply as a 
descriptive subject. Pathologic as well as normal physiology is 
included, and there is a special chapter on radiation physics and 
physiology. In order to close any gaps, and give a complete 
picture, less important and highly technical material is given 
in smaller type. 

By Artuur C. Guyton, M.D., Professor and Chairman of the Department of Physiology 


and Biophysics, University of Mississippi School of Medicine. 1030 pages, 7” x 10”, with nds 
illustrations. $13.50. New 








Books 





Diggs—tThe Morphology of Human Blood Cells 


Here is a brilliantly clear guide describing typical variations in size, shape and 
color of normal and abnormal blood and bone marrow cells. The careful selection 
of representative cells and the undeviating adherence to accuracy in the 248 
illustrations make this atlas a pictorial storehouse of valuable hematologic 
information. 

By L. W. Diaes, M.D., B.A., M.A., Professor of Medicine and Director of Medical Laboratories, U niversity of Ten- 
nessee and City of Memphis Hospitals. Consultant in Hematology, Armed Forces Institute of Pathology, Washing- 
ton, D. C. With the assistance of Dorotuy Sturm, Instructor, Memphis Academy of Arts; and ANN Bett, B.A., 


Instructor in Medicine, University of Tennessee. 188 pages, 8” x 1034”, with 248 illustrations on 88 figures, 32 plates 
in color. $12.00 New! 


Spector—Handbook of Toxicology 


This new National Research Council sponsored 5-volume work is the most com- 
prehensive collection of data ever compiled on the toxic qualities and dosages 
of all substances having a known adverse effect on living organisms. Volume I, 
Acute Tovxicities of Solids, Liquids and Gases to Laboratory Animals lists 2363 
chemical compounds and lethal dosage of each to various laboratory animals. 
Volumes II, III, IV and V ready later. 


Edited by Wiix14M 8. Specror, Prepared under the Direction of the Committee on the Hz andbook of Bioloogical Data, 
Division of Biology ‘and Agriculture, National Academy of Sciences—The National Research Council. Principal 
Contributor—Wo.LFrGane F. von OettinGcen, M.D., Ph.D., Chief Toxicologist, The National Institutes of Health. 


Bethesda, Maryland. Volume I, 408 pages, 815” x 11”. $7.00 New! 
W. B. SAUNDERS COMPANY 
West Washington Square Philadelphia 5 


London: 7 Grape Street 
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doing column chromatography? 
if it’s resolution you’re after... which sampling is 


bound to be better? 
| UGE 








10 fractions of 20 cc each or 200 fractions of 1 cc each? 


Break a given volume into many small fractions, rather 
than a few large ones, and you're bound to get sharper dif- 
ferentiation, higher resolution, 

Stands to reason . . . but how? The manual ‘‘bird-watching”’ 
method is tedious enough for a dozen-or-so collections: down- 
right impossible when you need hundreds. 

It’s no trick at all though when you mechanize fractiona- 
tion with the Technicon automatic collector. You can run collec- 
tions either by time-flow, or, if utmost resolution is required, by 
drop count. Either way, all you have to do is mount the prepared 
column on the machine, set it for the desired number (up to 200) 
of samples of whatever volume you wish (from a single drop 
up to 28 cc). Then start it and go away. 

Come back hours later (or next morning) and find the job 
all done. Excess material beyond that required for the experi- 
ment is automatically diverted to waste when the machine turns 
itself off on completion of the collection. 

























olume 


“technicon 


alot fraction collector 


There's a lot more you should know about this 
time-and-labor saving instrument. You'll find it 
in a brochure you can get by writing 


TECHNICON CHROMATOGRAPHY CORP. 
































How to dramatize the range 
of a new antibiotic... 


| 


vith the aid of the RCA 
SLECTRON MICROSCOPE 


For almost ten years the physicists and microbiologists of the Upjohn 
Company have been using the RCA Electron Microscope to investi- 
gate disease-producing organisms and to develop new weapons against 
them. Recently, to demonstrate the range and effectiveness of its new 
broad-spectrum antibiotic, Panmycin* hydrochloride (Upjohn’s brand 
of tetracycline hydrochloride), company scientists collaborated to 
produce a portfolio of electron micrographs of common organisms 
that are susceptible to Panmycin. Since our ee of many of these 
organisms at high magnifications were previously either rare or non- 
existent, Upjohn’s brochure renders a real service to practicing phy- 


sicians everywhere. *TRADEMARK 
REGISTERED 


RADIO CORPORATION of AMERICA 


® Photographic enlargements to over 300,000 diameters are now possible with 
RCA's new EMU-3 Electron Microscope. It is the ideal tool for advanced 
research requiring highest resolution, maximum magnification, and critical 
control. Find out how this vital instrument can be of service to you. Installation 
and service supplied by the RCA Service Company. 


For information write to Dept. F-287, Building 15-1, Radio Corporation of 
America, Camden, N. J. In Canada: RCA VICTOR Company Ltd., Montreal 
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P&I List bs 
RECORDING SPECTROPHOTOMETER 


Model RS-3* 


























The P&I Recording Spectrophotometer RS-g converts your present man- 
ual Beckman DU to a more sensitive line operated automatic record- 
ing instrument at a low cost. 

High accuracy—stability—resolution simplify and accelerate compound 
identification and permit quantitative studies of analytical procedures, 
rapid kinetics, extinction coefficients, and differential colorimetry. 


Only the P&I RS-3 provides ALL these unique features: 


@ Uninterrupted scan, 
210-750 mp. 
no moving light sources 


@ Automatic marking— 


@ Linear Wavelength Scale— 
no special charts or tapes. 


@ Stable Zero Line 


every 20 mu. 
@ Both O.D. & % Abs. are linear - 7 peed 
4 stand. & high sens. scales © Lowen Gees : 
@ Time Scale for Kinetics 


@ Constant resolution @ Line Operated 





ae For details, write: 


/{D4-/ PROCESS & INSTRUMENTS 


15 Stone Ave., Brooklyn 33, N. Y. *Patent Pend. 
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SCHWARZ 


1956 
PRICE LIST 
of Biochemicals 


NOW READY 


Some SCHWARZ 


e Purines and Pyrimidines e Glutathione 

e Phosphorylated Adenosine  Sulfhydryl Reagents 
Compounds e Sugars 

e Cozymase e Triphenyl Tetrazolium 

e Nucleosides and Chloride 
Nucleotides e Deoxynucleosides 

e Nucleic Acids and e Optically Standardized 
Metallic Nucleates Amino Acids 

e Sugar Phosphates e Radioactive Chemicals 


Send the Coupon for your copy 
SCHWARZ LABORATORIES, INC. 


230 Washington Street, Mount Vernon, N. Y. 


Please send me copy of your 1956 Price List of Biochemicals 


Name 





Biochemicals for Industry and Research 








Position 





Company. 


Street Address 
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The most complete sélection 


of table model centrifuges anywhere 
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Yankee Rotators 
ns Laboratory Counters + Gold Seal Slides & Cover Glasses 


ee Pipettes - Medichromes +» Yankee Shakers +» Blood Testing Kits 


















FOR CONTINUOUS 
VISUAL 
MONITORING OF 
PHYSIOLOGICAL 
EVENTS 


Des:anep for compatibility with other SAN- 
BORN equipment (examples, right), simplified 
operation via minimum controls (illustration, 
above), and precise control of the base line sweep, 
the Model 169A Viso-Scope now permits the 
owner or purchaser of SANBORN recording 
instruments to greatly widen their field of use- 
fulness. 

The cathode ray tube selected for this ’scope 
has a dual coating which produces a beam image 
of exceptional sharpness and long persistence on 
the orange screen-filter (when monitoring) and of 
extreme brightness and short duration 
on the blue screen-filter (for photog- 
raphy). When photography is desired, a 
Fairchild or DuMont oscilloscope cam- 
era may be mounted on the screen bezel 
(or any common camera may be used). 


eT, 


The Model 169A-OR (Operating Room) Viso- 
Scope is a completely self-contained 
amplifier unit, specially designed for visual ECG 
presentation during surgery in the presence of ex- 
plosive gases. Viewing unit is supported at or above 





oscilloscope- 











MODEL 169A 


‘SANBORN VISO-SCOPE 


Sweep speeds of 25, 50 and 100 millimeters 
per second are obtainable instantaneously, and 
enlargement on the Viso-Scope screen of a seg- 
ment of the tracing which is of particular interest 
may be made at any time. 

Typical applications of the Viso-Scope in- 
clude: observation of changes in the electrocardio- 
gram resulting from use of drugs; pressure 
monitoring in catheterization during manipula- 
tion of the catheter; and a more precise study of 
complex wave forms by an instantaneous increas- 
ing of the sweep speed, such as in myography, 
phonocardiography, and small animal electro- 
cardiography. 

Descriptive literature on the Viso-Scope 
complete with diagrams showing hook-up require- 
ments of various Sanborn recorders is available 
on request. 


five foot height on a steel column, and may be 
turned and tilted for best viewing angle. Provision 
is made for connection to a remote ECG, when 
written records are also desired. May also be used 
for display of sphygmograms, pneumograms, etc. 
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FOR 
SINGLE-CHANNEL 
MONITORING 





Blectrocardiograms may be continuously monitored with a 
Viso-Scope connected directly to a Sanborn Viso-Cardiette 
(Model 572 or 51). Or, a Model 128 or 141 Sanborn Recorder 
may be similarly used for viewing other phenomena such as 
pressure, temperature, sphygmograms, pneumograms, myo- 
gams, etc., with suitable transducers employed. 

Written records may be made whenever desired during 
the monitoring. Selection of sweep speeds on the Viso-Scope 
(ee left page) is particularly advantageous to owners of 
these instruments. 


HIGHER SPEED 
MONITORING 


With the addition of an attachable booster amplifier the 
Viso-Scope may be used with a Sanborn Twin-Beam 
Cardiette, to display phenomena of higher frequency such as 
te encountered in phonocardiography, small animal electro- 
tardiography, high fidelity human electrocardiography, etc. 
Separate oscilloscope jacks on the Twin-Beam permit ready 
lection of the signal from either “phono’’ or ECG channel, 
for alternate display on the Viso-Scope screen. 
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MONITORING 
UP TO FOUR 
EVENTS 

U SIMULTANEOUSLY 


The Sanborn Electronic Switch, shown above connected to 
each channel of a Model 154M four-channel Poly-Viso, is 
designed for use with any Sanborn two- or four-channel 
direct writing recording system. It permits simultaneous 
observation of as many phenomena as the system is set 
up to record, and Viso-Scope thus connected appears to be 
operating with separate beams. Controls permit liberal 
relative positioning of beams on the scope screen, and 
individual sensitivity control. These adjustments have no 
effect on the recording instrument. 














VECTORCARDIOGRAPHY 


The Sanborn Model 185 Vector System (or vector amplifier) 
shown above right, has been specifically designed for use with 
the Viso-Scope, for displaying either vector loops or ECG 
complexes. This instrument’s lead selector switch, together 
with a specially-marked 9-wire patient cable and extra 
electrodes, permit the instantaneous selection of either cube 
or tetrahedral vector leads, or ECG leads, for Viso-Scope 
display. Adequate sensitivity (10” per mv) provides clear 
showing of P and T loops, as well as QRS. Additionally (via 
installation of timing transformer in the Viso-Scope) the 
Vector system provides Z axis, or intensity modulation for 
indication of speed and direction of sweep trace. 
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ANIMAL CAGES AND RACKS 
LABORATORY EQUIPMENT 


Quality Cages Since 1912 





Write for Catalog ‘‘P”’ 


ACME SHEET METAL WORKS 


1121 EAST 55th STREET 


CHICAGO 15, ILLINOIS 
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The ORIGINAL Superspeed Angle Centrifuge 


It takes pioneering “know-how” to produce 
operating quality that sets trade standards. 
That is why leading laboratories and research- 
ers select the SERVALL SS-1, the ORIGINAL 
Superspeed Angle Centrifuge. 


CAPACITY:  Precision-machined, anodized 
duraluminum rotor accommodates eight 50-ml 
tubes at a 35° angle in separately numbered 
compartments. Accessory adapters available for 
15-ml, 10-ml, or 5-ml tubes. 


ECONOMY: Economical operation is a divi- 
dend on low initial cost. 


PERFORMANCE: Speeds up to 15,500-rpm 


exert 31,000 x G. Voltage-adjuster allows 
continuously-variable speeds. 
VERSATILITY: Less than 14” high—can 


be operated on a small table, inside refrigerator, 
deep-freeze, cold room. Rotor easily adapted 
for use in SERVALL REFRIGERATED 
CENTRIFUGE. 


Iwan Sorwall, Ine. 
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SAFETY: 


centering, 


with _ sejf- 


balancing 
drive—Originated by 
SERVALL—promotes smoothness, long bear- 
ing-life, and rapid sedimentation. 


Dynamic 
no-thrust 


Type SS-1A, same as SS-1 but with water- 
cooled bearing assembly for extra-heavy duty. 
SERVALL SS-1 and SS-1A Angle Centrifuges 
have built, maintained, and are adding to 
their international reputation as “the work- 
horses of the modern laboratory.” 

Write for Bulletin F P-71 


P.O. BOX 230, 
NORWALK, CONN. 
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GAMMA COUNTING “2 \SS 

with NRD'S 
/ SCINTILLATION 


WINDOWLESS COUNTER 

















This versatile counter offers unusual flexibility, 
because its highly unusual design permits 
highly efficient alpha, beta, or gamma counting 
with easy interchangeability. Samples may be 
inserted or changed without introducing 
spurious counts or making it necessary to 
reduce high voltage. 

Correct sample position is assured by an auto- 
matic stop. The geometry of sample and 
sensitive crystal is widely variable, and 
reproducible to .001 inch by a calibrated 
indication which may be locked in place if 
desired. Flat samples of alphas or low energy 
betas are held close to the phosphor for 
maximum efficiency. 








Use this Model CS-5 Counter with any 
NRD Scaler or Count Rate Meter for most 
efficient results. 


This is one of many instruments which NRD 
offers for your radioisotope laboratory. Write 
for our general catalog of counters, scalers, 
and accessories. 





6427 ETZEL AVENUE 
Instrument Co. [ieee 
A Division of Nuclear Corporation of America, Inc. 
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OW — New accessories give the Interna- 
tional PR-2 Refrigerated Centrifuge these 
increased speeds and capacities: 


400 ml. at 10,000 rpm. at O°C. or lower 
100 ml. at 19,000 rpm. at O°C. or lower 
4000 ml. at 2,300 rpm. at O°C. or lower 
1500 ml. at 3,900 rpm. at O°C. or lower 


PLUS — 24 additional interchangeable angle 
and horizontal style heads and a wide variety 
of adapters, sealed accessories and carriers. 
No other cold centrifuge is so versatile. 


SEND — for Bulletin P and information on the 
New High Capacity Attachment, the New 6- 
Place 250 ml. Angle Head and the New 4- 
Liter Head. If you already have an International 
PR-2, these new accessories will fit. 


ALSO — the improved Model SR-3 Stationary 
Refrigerated Centrifuge will now swing 5200 
ml. in the horizontal position at 3,000 rpm. 


FOR — real versatility in the Refrigerated Cen- 
trifuge field — look to INTERNATIONAL. 
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School for Ph.D.’s 


For most people, earning a degree 
means the end of formal education. 
At Upjohn, the reverse is true. Com- 
pany management, realizing that its 
people must continually be exposed 
to advancements in the sciences if 
the common research effort is to be 
productive, has instituted a research- 
medical seminar program designed 
to keep technical staff members 
abreast of thinking and new devel- 
opments in their respective fields. 


Seminars conducted by research and 
medical personnel are held regularly 
throughout the year. Authorities in 
various research fields from all 
parts of the world are guest speak- 
ers. During 1956, outstanding men 


of science scheduled to visit Kala- 
mazoo to take part in the seminar 
series include: Dr. Rachmiel Levine, 
Michael Reese Hospital, Chicago; 
Dr. Harris Isbell, National Public 
Health School, Lexington, Kentucky; 
Dr. Byron Soule, University of 
Michigan; Dr. Don Nelson, Harvard 
University Medical School; Dr. J. H. 
Burn, Oxford University, England; 
and Dr. Joseph Earle Moore, Johns 
Hopkins School of Medicine. 


In a field as highly competitive as 
pharmaceutical manufacturing, the 
position of a leading producer de- 
pends in great measure upon the 
“know-how” of its research staff. It 
is for this reason that Upjohn con- 
tinually makes it possible for its 
people to hear at first hand of the 
work of their fellow investigators. 
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LEA & FEBIGER BOOKS 


NEW 6th EDITION 
| Simmons and Gentzkow—Medical 

& Public Health Laboratory 

Methods 

Edited by James S. Summons, M.D., Ph.D. 

Late Dean and Professor of Public Health, Harvard 
hool of Public Health 
and Cuieon J. Gentzkow, M.D., Ph.D. 
Director, Bureau of Laboratories, Department of 


Health, Commonwealth of Pennsylvania, 
Philadelphia 


35 CONTRIBUTORS 

This important work represents the co- 
operative effort of many authorities who 
record their experiences in handling thou- 
sands of specimens under conditions en- 
abling complete control. The concepts of 
fundamentals are presented fully so that 
findings can be interpreted definitely. 


New 6th Edition « 1191 Pages 115 Illus. and 
9 Plates in Color « 129 Tables ¢ $18.50 














PHYSIOLOGY AND PHARMACOLOGY 


Starling—Principles of Human tarde Edited by Sir 
Cares Lovatr Evans, D.Se., F.R.C.P., F.R.S ., Bir- 
mingham; University of London. 1283 pages. 721 illustrations, 
some in color. New 12th edition. $12.50 


» al. 


Wiggers—Physiology . —- and Disease. By Cart J. Wia- 
cers, M. Sc., F.A.C.P., Western Reserve University, 
Cleveland, Ohio. 1242 aioe 280 illustrations. 5th edition. $10.00 


Lucas—Elements of Human Physiology. By Mrrtam Scorr 
Lucas, B.8., -_D., Michigan State College, East Lansing, 
Mich. 357 pages. 158 illustrations, 2 in color. 2nd edition. $4.75 


Grollman—Pharmacology — Therapeutics. By ARTHUR 
GRoLtman, Ph.D., aa .C.P., Southwestern Medical 
School, University of Texas, Dalise 866 pages. 127 illustrations. 
$6 tables. 2nd edition. $10.00 


PATHOLOGY AND TOXICOLOGY 


Levinson and MacFate—Clinical Laboratory Diagnosis. By 
Samuet A. Levinson, M.D., Ph.D., University of Illinois Col- 
lege of Medicine; and ROBERT P. MacFare, Ch.E. M.S., Ph.D.: 

Chief, Division of Laboratories, Board of Health, City of Chi- 
cago. 5 ConTrIBUTORS. 1246 pages. 244 illustrations and 13 plates, 
11 in color. New 5th edition. $12.50 


Herbut—Pathology. By Prerer A. Hersut, M.D., Jefferson 
Medical College Hospital, Philadelphia, Pa. 1227 pages, 7” 210”. 
1878 illustrations on 651 figures and 6 plates in color. $16.00 


Thienes and Haley—Clinical Toxicology. By Cuiinton H. 
Tuienes, M.D., Ph.D., University of Southern California; and 


Tuomas J. Hartey, Ph.D., University of California at Los 
Angeles. 457 pages. Illustrated. 33 tables. New 3rd edition. $6.50 


BIOCHEMISTRY AND NUTRITION 

Hardy—Fluid Therapy. By James D. Harpy, M.S. (Chem.), 

.D., F.A.C.S., University of Mississippi, Jackson. "955 pages. 
77 illustrations. 8 tables. $5.50 
Wohl and Goodhart~—Modern Nutrition in Health and Disease: 
Dietotherapy. 55 Contrisutors. Edited by MicnarLt G. Won 
} Hahnemann Medical College and Hospital, Philadelphia, 
Pa.; ‘and Roserrt 8. Goopnart, M.D., Columbia University 
School of Public Health, New York. 1082 pages. 80 illustrations. 
127 tables. New. $18.50 


LEA & FEBIGER PHILADELPHIA 6. PA. 
Please enter my order and send me books listed below. 

0 Check enclosed [ Bill me 
NAME_ 
ADDRESS 
CITY 
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PRESIDENT 
& DIRECTOR 
Henry L. Foster D.V.M. 


Hypophysectomized rats and all types 
of endocrinectomies. 


Descendants of the Sprague-Dawley, 
and of the Wistar strains. 


The Charles River Breeding Labs. 


Wilmington, Mass. 











W. are prepared to con- 
sider requests from profession- 
ally qualified investigators for 
experimental quantities of vita- 
min E in the form of d-alpha- 
tocopherol or its derivatives. 
Address inquiries to: Dr. Norris 
D. Embree, Director of Re- 
search, Distillation Products In- 
dustries, Rochester 3, N. Y. 
(Division of Eastman Kodak 








Company). 
supplier of 
50] Vi “$ bulk tocopherols to 
ly the pharmaceutical 
industry 
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Let’s Talk About 


Water 
of Hydration 


For several years Sigma has strongly advocated the omission of precise 
hydration data from labels on Nucleotides. Undoubtedly this has cost us 
considerable business from laboratories that were misled into thinking 
that they could depend upon our competitors’ labels and advertising 
which indicated exact hydration and molecular weight. Obviously, they 
thought, these data greatly simplified the preparation of standard solu- 
tions! Numerous letters and phone calls took us to task for our negligence 
in not giving this information. 


Now in the interest of scientific accuracy, here are the 
facts as we see them: 


1. The chances are good, the label data cannot be borne out by assay! 

2. Sometimes impurities were made less apparent by showing addi- 
tional H,O to account for the high ‘‘ apparent mol. wgt.’’. 

3. Most of these compounds are hygroscopic. As much as 10% water 
by weight can be picked up within a few minutes while preparing a 
sample, without becoming ‘‘ moist’’. Even if the label data were 
correct when packaged, it would not apply after opening. 

4. Solutions of amorphous nucleotide preparations generally cannot 
be accurately prepared based upon the molecular weight sug- 
gested by a supplier. 

5. Regardless of the H,O content, the molarity is easily determined 
by U. V. data using accurate published extinction coefficients. 


Sigma does not generally supply data on hydration, so there is no chance 
of making the above error. We believe this is the way you will want it 
after considering the facts. Your comments are invited. We want to help 


you. 


PHONE COLLECT: DAN BROIDA, ST. LOUIS, MISSOURI 
Office: PRospect 1-5750 Home: WYdown 3-6418 


SIGMA 


CHEMICAL COMPANY 





4648 EASTON AVENUE, ST. LOUIS 13, MO., U.S. A. 
MANUFACTURERS OF THE FINEST BIOCHEMICALS AVAILABLE 
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THE MODEL 21 
The Standard Instrument for Infrared Analysis 


The complete story of the dependability of 
the Model 21 double beam recording infra- 
red spectrophotometer is being told by its 
users—in the laboratories of industry, the 
universities and private research organiza- 
tions throughout the United States and 
abroad. 

The Model 21 is the prime tool of the 
infrared field. Designed to provide both 
high quality survey spectra and precise 
quantitative data routinely, the Model 21’s 
full capabilities are there when needed. A 
continuing program of instrument improve- 
ment and development insures the Model 
21’s position. 

Accurate and precise, it offers complete 


» 
Perkin ” E Imer CORPORATION 


NORWALK, CONNECTICUT 


XXVi 
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flexibility in resolution, spectral presenta- 
tion and recording speeds (with single 
switch automatic control, once operating 
conditions are chosen). A complete range 
of accessories extends its versatility. 

The wavelength range of the Model 21 
with standard optics is from 800 millimi- 
crons to 15.5 microns covering the near 
infrared and fundamental regions of the 
spectrum. These two useful regions com- 
plement each other and any Model 21 
covers both. 

The Model 21 is a product of Perkin- 
Elmer, world leader in infrared instrumen- 
tation, with its own sales and service offices 
throughout the United States. 
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iRlele 
MANN ASSAYED 


BIOCHEMICALS 


MANN NUCLEOPROTEINS 


Purines, Pyrimidines, and Related Compounds 
(PARTIAL LIST) 


ADENINE 

ADENOSINE 

ADENOSINE DIPHOSPHATE 
(ADP) 

a MONOPHOSPHATE 
(A ) 

ADENOSINE TRIPHOSPHATE 
(ATP) 


ADENYLIC ACID 

ALLANTOIN 

4-AMINO-2, 6-DIH YDROX YPY- 
RIMIDINE 

4-AMINOTHIOURACIL 

6-AMINOURACIL 

8-AZAGUANINE 

CYTIDINE 

CYTIDYLIC ACID 

DESOXYCYTIDYLIC ACID 

DESOXYRIBONUCLEIC ACID 

2,4-DIAMINO-6-HYDROXYPY- 
RIMIDINE 

GLUTATHIONE 

GUANINE 

GUANOSINE 

GUANYLIC ACID 

HYPOXANTHINE 

INOSINE 

ISO-GYTOSINE 

ISO-GUANINE 

6-MERCAPTOPURINE 


5-METH YLTHIOURACIL 
6-METH YLTHIOURACIL 
6-METH YLURACIL 
5-NITROURACIL 
NUCLEIC ACID 
OROTIC ACID 
PHLORIDZIN 
PROPYLTHIOURACIL 
PROTAMINE SULFATE 
PURINE 
PYRIMIDINE-4-CARBOX YLIC 
ACID 


THIOURACIL 

THYMIDINE 

THYMINE (5-Methyluracil) 

2,4,6-TRIAMINOPYRIMIDINE 

TRIPHOSPHOPYRIDINE 
NUCLEOTIDE 

URACIL (2,4-dioxypyrimidine) 

URIC ACID 

URIDINE 

URIDINE DIPHOSPHATE, 
SODIUM SALT 

URIDINE-5-PHOSPHATE (UMP) 
SODIUM SALT 

URIDYLIC ACID 

URIDINE TRIPHOSPHATE (UTP) 
SODIUM SALT 

XANTHOPTERINE 








MANN ASSAYED BIOCHEMICALS 


are completely analyzed without extra charge 








For Complete Nucleoprotein List, Send for 


NEW PRICE LIST NO. 122L 


A unique catalog of research biochemicals, with 
detailed specifications used as an accepted refer- 


ence guide. 
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EABORAT-ORIE S, 


i ie, ©» 





FEDERATION PROCEEDINGS 


XXVii 





XXViii 





Federation 
Placement Service 


To weer THE NEEDS 
ot employers and of individuals seek- 
ing positions in the fields of the Fed- 
erated Societies, the Placement Service 
maintains the following activities: 


1. Listing positions and fellowships 


2. Listing applications for positions 
from qualified individuals 


3. Publishing quarterly lists of ap- 
plicants in February, May, Au- 
gust and November, semiannual 
lists of available positions in 
March and September and a list 
of fellowships and assistantships 
in October 


4. Providing registration and inter- 
view services at the annual meet- 
ing 


The Executive Committee has author- 
ized the following scale of charges: 


Annual applicant registra- 
tion fee 
Annual subscription to all 


$ 3.00 


lists of the Service 15.00 
Single copy of a list of candi- 
dates 10.00 
Single copy of a list of avail- 
able positions 5.00 
Single copy of a list of fellow- 
ships 2.00 


A copy of the fellowship list will be sent 
without cost to any member of a con- 
stituent Society on written request. 


Information for the lists must reach 
the Washington office by the first day 
of the month of publication. 


To obtain registration cards or enter 
subscriptions, address: 


FEDERATION PLACEMENT SERVICE 
9650 WISCONSIN AVENUE 
WASHINGTON 14, D. C, 
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For Immediate 
Shipment 


ALL Chemicals 

ALL Drugs 

ALL Reagents 

ALL Pharmaceuticals 


Ask for our 
new complete catalog 


fy) Wi \ 
J Qb0-r: Vaua LI IPL iy 
17, West 60th St. New York 23 N.Y 
Plaza 7-817] 











SWISS MICE 





GERMANTOWN NEW YORK 








Send for booklet 
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New convenience designed for you 


—by KIMBLE 





LONG TIP 
PIPETTES 


COTTON PLUG 
PIPETTES 


NEW - Long Tip Pipettes—Long slender 
delivery tips for manipulating in small 
vessels such as Warburg Flasks. 37039 is a 
blow-out, serological style graduated to 
the tip. 37022 is a measuring style gradu- 
ated to a base line. 


NEW -Cotton Plug Pipettes—( U.S. Pat- 
ent 2,692,503). A constriction at the up- 
per end of the pipette prevents cotton plug 
from slipping into main body. Available in 
both standard flint glass (37035A) and 
N51A Borosilicate Glass, 37035C. 


NEW-—VDRL Pipette—Designed espe- 
cially for VDRL tests for syphilis—is short- 
er, easier to control. Capacity is 0.5 ml 
with a ring and number at every 0.05 ml. 


KIMBLE LABORATORY GLASSWARE 


AN @ PRODUCT 


VDRL 
PIPETTES 


MICRO FERNBACH 
FLASK & CAPS 


Available in both standard flint (37035 
and 37085A ) and N51A Borosilicate Glass 
(87085B and $7085C). 37035A and 
87085C styles have constrictions for cot- 
ton plugs. 


NEW/-—Micro Fernbach Flasks—Small 
flasks made of highly resistant borosilicate 
glass with broad bases designed for grow- 
ing aerobic organisms in liquid culture me- 
dia. Special caps available (26503 ) to pro- 
vide better illumination of photosynthetic 
organisms. 


Order by Kimble catalog numbers from 
your laboratory dealer. Kimble Glass Com- 
pany, subsidiary of Owens-Illinois, Toledo 
1, Ohio. 


Owens-ILuinoIs 


GENERAL OFFICES + TOLEDO 1, OHIO 
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GRASS 
MODEL 


P6 AND P7 | ~ 
P6 P7 He 


P6 PROBE MEP-6 MEP-7 


D. C. PRE-AMPLIFIERS 


© Functionally simple, stable, D.C. amplification for neurophysio- 
logical recording with cathode-ray oscilloscopes. 


@ Particularly useful with microelectrodes of moderately high 
impedance. > 


© The P6 has both A.C. and D.C. amplification with low input 
capacitance. The grid current is adjustable to minimal values. 













A push-pull cathode follower probe is included. 






@ Its accessory MEP-6 probe holds the microelectrode, and can be 
mounted in a micromanipulator. 






@ The P7 has an amplification of one. It provides precise balancing 
controls, and includes the single-ended MEP-7 probe for micro- 
electrodes. The input capacitance of this combination is also 








extremely low. 


















GRASS INSTRUMENT COMPA 


101 OLD COLONY AVENUE - QUINCY, M 












INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1 








research equipment gives 
you more benefits... 


* Accuracy 





“A Wide Choice of Amplifiers 
SPECIFICATIONS 


Model Gain* 


5238 5,000 
5231 125 


8234 10,000 
5234 10,000 
8235 500,000 
5235 500 
8236 20,000 
8241 20,000 
8239 15,000 
8237 1,000,000 


in includes power amplifier 


EDIN THE EDIN Co., 


; XUM 


@ Reliability 

@ Simplified Operation 
@ Easier Servicing 

@ Flexibility 


Superior Oscillograph 
Research Consolette 


You can make simultaneous recordings from a variety of 
sensing elements: EEG, EKG, blood pressure, skin 
temperature, respiration, etc., with a single Edin consolette. 
Modular unit handles up to eight channels of data inputs 

to preamps mounted in control panel. Power amplifier chassis 
are out of the way in-the lower section of the consolette. 


... and its perfect working 
partner... the new 


Waveform Frequency 
Analyzer 


Provides automatic, continuous analysis of complex wave 
forms, especially valuable for EEG analysis. Bandwidth 
requires no adjustment nor recalibration, once set at factory. 
Complete range from 0.5 to 20,000 cps is available. 
Readout is an oscillograph recorder providing a permanent, 
highly legible graph record. . 


@ Eliminates laborious, impractical arithmetical 
processes in analyzing frequencies. 

@ Plug-in filters provide unusual flexibility in 
choosing frequency bands. 

@ Ideal for analyzing data processed by the 
research or EEG recorders. 

@ Simplified Operation: only incoming voltage 
gain, pen excursion, and selector switches 
require setting. fe 

Write for free, iliustrated literature ¢ 
scientific and ind earch equ 


207 Main Street, Worcester, Massachusetts 
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STUDIES ON THE 
CEREBRAL CORTEX—Cajal 


English Translation Just Published! 
The original Spanish edition, by one 
of the world’s greatest anatomists, is 
probably the most precise and com- 
prehensive study of the limbic sys- 
tem available. Now, for the first time, 
this authoritative work is available 
in the English language—a timely 
event in view of the currently active 
interest in the functions of the medial 
and basal structures of the forebrain. 
By Santiago Ramén y Cajal: Trans- 
lated from the Spanish by Lisbeth M. 
Kraft, Department of Microbiology, 
Yale University. 179 pages; 108 illus- 
trations. $5.50. 


IONOGRAPHY: ELECTROPHORE- 
SIS IN STABILIZED MEDIA—by 
Hugh J. McDonald, D.Sc., Profes 
sor of Biochemistry, Stritch School 
of Medicine, Loyola University, Chi- 
cago, and Associates. 268 pages, 29 
figs., 8 tables. $6.50. 


THE LUNG: CLINICAL PHYSIOL- 
OGY AND PULMONARY FUNC- 
TION TESTS—by Julius H. Comroe, 
Jr., M.D., and Associates, Graduate 
School of Medicine, University of 
Pennsylvania. 219 pages; 125 illustra- 
tions on 57 figs., 14 tables. $5.50. 
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Year Book Publishers 


200 E. IMlinois Street 
Chicago 11, Ilinois 
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To counteract 


corticoid-induced adrenal 
atrophy during corticoid 
therapy, routine support of the 
adrenals with ACTH is recom- 
mended. 





THIS IS THE 
PROTECTIVE DOSAGE RECOMMENDATION 
FOR COMBINED CORTICOID-ACTH THERAPY 


@ When using prednisone or prednisolone: 
for every 100 mg. given, inject approx- 
imately 100 to 120 units of HP* 
ACTHAR Gel. 

® When using hydrocortisone: 
for every 200 to 300 mg. given, inject 
approximately 100 units of HP* 
ACTHAR Gel. 


@ When using cortisone: 
for every 400 mg. given, inject approx- 
imately 100 units of HP*ACTHAR 
Gel. 


Discontinue administration of corticoids on 
the day of the HP*ACTHAR Gel injection. 


HP'ACTHAR G20 


(IN GELATIN) 
The Armour Laboratories brand of purified adre- 
nocorticotropic hormone—corticotropin (ACTH) 
*Highly Purified 





Unsurpassed in Safety and Efficacy 
More than 42,000,000 doses of 
ACTH have been given 
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Purina laborotery animal Nutrition News 
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NOW, A COMPLETE CHOW 





FOR GUINEA PIGS 


Purina Research has just released a 
new complete feed for guinea pigs, 
requiring no ascorbic acid or veg- 
etables as a supplement. Purina 
Guinea Pig Chow contains all the 
nutrients guinea pigs need for good 
reproduction, lactation, growth and 
health. It is made in 542”, Bite-Size 
Checker form. 


This is an important step forward 
in the feeding of laboratory guinea 
pigs. It has always been a nuisance 
to provide the essential Vitamin C 
or ascorbic acid requirements of 
guinea pigs by feeding vegetables 
containing this vitamin or by feed- 
ing it through the drinking water. 


The Vitamin C used in Purina’s new 


Guinea Pig Chow has been stabil- 
ized to hold its potency more than 
30 days after it reaches your labo- 
ratory. In ordering Guinea Pig 
Chow, you can estimate your needs 
by figuring the amount needed per 
animal at 144 to 3 Ibs. per month, 
depending on age. 

This new, easy-to-feed, complete 
Guinea Pig Chow can be ordered 
through any one of the more than 
, 5,000 Purina Dealers, located from 
coast to coast. 

For further information about feed- 
ing laboratory guinea pigs and for 
the analysis of Guinea Pig Chow, 
write to Mr. Albert H. Leonard, 
Special Industry Sales, Ralston 
Purina Company, St. Louis 2, Mo. 


RALSTON PURINA COMPANY, St. Louis 2, Missouri 
With Over 5,000 Dealers Coast to Coast To Serve You 
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MICROSTAR 


AO SPENCER 
AGAIN SETS THE PACE 
WITH A NEW STANDARD 

OF EXCELLENCE 





Dept. G 202 
Please send me the SB124 
brochure on MICROSTAR Microscopes. 
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City Zone. Stare. 





Zz 
= 
Ae RE EN AS NN Ge oe 


ee ee Le Lo ll 





XXXiV FEDERATION PROCEEDINGS Volume js 1 








Sy 








2 NEW @aters INSTRUMENTS 


RG-6 INSTANT SELF-DEVELOP- 
ING PHOTOKYMOGRAPH 


..- Anew type recorder combining ex- 
treme sensitivity of photographic 
method with immediate visual record 
of direct writing method. 


... Eliminates need of costly amplifier 
when recording small outputs. 


Galvanometer light beam traces are developed on 
special 6 inch wide sensitized paper inside camera it- 
self within a few seconds. Number of channels lim- 
ited only by user’s ability to read the multiple rec- 
ords. 3 speeds: 1 mm/sec, 5 mm/sec, and 25 mm/ 
sec. Includes necessary light sources, mirrors for 1 
or 2 meter light beam lengths plus 1 and 10 sec. time 
indicator. . 





pe 


TT-11 CONRAD THERMISTOR 


...An extremely fast responding, 
versatile, resistance thermom- 
eter featuring unique probes for 
precision temperature measure- 
ment in all ranges. 


NE. 


X\ 


Exclusive 25 ga. and arterial catheter probes are 
unequaled in sensitivity. Also high quality, 
reliable polyethylene multi-purpose probe and 
skin surface probe. All probes sterilizable. 
Several can be used together for rapid consecu- 
tive readings through the one control box. 
Temperature range can be expanded or con- 
tracted, raised or lowered by the user. Pro- 
vision for simultaneous recording. 








THE ( 


Elettro-Medical Instrument Division 
402 First Ave. N.W., Rochester, Minn. 


ag 





Leeuw ewee == 


Specialists in instrumentation for cardiovascular and pulmonary function laboratories. 
Other products include Oximeters, Nitrogen Meters, and Cardiotachometers. 
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CHECK THESE EXCLUSIVE FEATURES 
® Sealed burner (patented) — operates in 
smoke, dust or drafts. 


@ Multilayer filters — results up to 10 times 
more accurate than with standard filters. 


The simplest controls of any flame photo 
Hermetically sealed photocells. 

External flame eliminates thermal drift. ;y 
Smallest Flame Photometer in use today. ‘Ry 


















Beer, 
no bracketing . . . no drife™ 5 


bottled gas. 


More in use than all other makes combined. 


Request your live demonstration now. 
distributed by 
fA ae AIDVANCED 
</ INSTRUMENTS, ine 


21 OAKCREST RD. NEEDHAM 92. MASS. 


Ky 


Baird -Associates, Inc.¥ 


33 UNIVERSITY ROAD, CAMBRIDGE 38, MASSACHUSETTS 
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NEW SAFEGUARDS FOR THE LABORATORY 


Stainless steel enclosures for handling hazardous substances 


Sar 


“om 










SAFETY is the prime factor in 
this newly-designed special-purpose 
equipment. These two enclosures 
make it easier and safer for the labo- 
ratory technician to work with con- 
taminants, infected animals and 
micro-organisms, toxic chemicals, 
poisonous and radioactive substances 
and live viruses. Stainless steel con- 
struction features crevice-free sur- 
faces and rounded corners for ease 
of cleaning and decontamination. 


ee 

MICRO-BIOLOGICAL 
SAFETY CABINET 

with micro-biological filter canister 


@ Filter canister may be back or top-mounted. 
Cabinet equipped with fluorescent lamps, cold 
cathode sterile light, service connections, elec- 
trical panel box with switches, Safety glass view- 
ing window hinged to sloping front. Available 
in either 36” or 48” lengths. Other sizes, if de- 
sired. Air lock and stand optional. For complete 
description, send for Bulletin A-6. 


BIOLOGICAL ENCLOSURE >| 
with refrigerated centrifuge 
and micro-biological filter canister 


® Centrifuge is bottom-mounted, filter canister 
tither back or top-mounted. Access openings at 
tither end. Interior of hood has approximately 
ten square feet working space. Cup sink at bot- 
tom of hood. Unit equipped with UV and fluor- 
scent lights, services for electricity, hot and cold 
water and three additional connections. Send for 
Bulletin A-7. 


Standard units available, or we 
fabricate to your specifications. 
Ask us about other types of equip- 
ment in which you are interested. 





‘6 Blickman-Built = 


= { STAINLESS STEE 


LABORATORY EQUIPMENT 
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SLIDING 


MICROMANIPULATOR 
. ec : > r 
e Extreme simplicity combines with complete 
reliability in this outstanding instrument. 
e Direct transmission of manipulating force d 
from handles to lightly greased precision- 
lapped surfaces permits accurately controlled n 
motion, even at the highest magnifications. 
e No special training is required to master the 
controls. 
e@ Available accessories include an image erect- S 
ing tube and a special bright-dark field change- 
over condenser. 1 


CITOPLAST 


Stereoscopic Dissecting Microscope 


An unsurpassed instrument embodying 
every known advance in microscopy 

e Rotatable magnification changer 
with five built-in parfocal objectives 
e All optics fully ‘T-coated” to 
provide unusual width and depth 
of field plus exceptional freedom 
from glare 

e Magnification range 4X to 100X 
e Constant working distance of 
4” at all magnifications 

e Lamp attached to integral are 
for centering light at every angle 
e Accessories for transmitted 
light, photomicrography and dis- 





For further information concerning ep , out 

these and other Carl Zeiss Jena instruments, - nna sete ware! resolve 
’ erect three-dimensional image 

consult your dealer, or write to e Adjustable for dioptric varia- 

SCIENTIFIC INSTRUMENT DIVISION tions 


ERCONA CORPORATION _ 551 Fifth Avenue, New York 17, N.Y. 


Exclusive American Representative for VEB Carl Zeiss, Jena Wr 
rate 
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MULTI- 
DIALYZER 





So 


A laboratory 
apparatus for 
rapid mechanical 
dialysis of 


multiple samples. 


SAMPLE VOLUME 
1 to 4,000 ml 














with temperature control. 


* Developed at the Research Branch, National Cancer Institute, Na- 


a 
! 
»dying : UNIQUE FEATURES: 
4 ! 
anger : 1, As many as 32 samples dialyzed at one time. 
tives ' : see 
i ts : 2. Each sample dialyzed against its own buffer. 
1 
depth : 3. Complete dialysis achieved by agitating both 
-edom H 
1 buffer and sample. 
i 
100X 4. Portions of sample and buffer may be re- 
Ly ay ' . . 
ce of ' moved from standard unit without disas- 
al are sembly. 
angle ; 5. Dialysis time is reduced from 2 to 3 days, as 
nitted ! : ; NES 
1 dis : required by stationary dialysis, to less than 
' two hours for most applications. 
= 1 
“7 6. Accessory available for continuous dialysis 
i] 
{ 
J 
| 





tional Institutes of Health, Bethesda, Md. 


7, N.Y. 

Write for bulletin ABORATORY GLASS & INSTRUMENTS CORP. 
—— 514 W. 147 STREET, NEW YORK 31, N. Y. 
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For the first time 
a complete 


‘“‘LUNG FUNCTION 
STATION’”’ 


in one complete integrated unit 


CLINICAL APPLICATIONS 

Closed circuit technique for measure- 
ment of Functional Residual Capacity 
and Residual Volume using Helium or 
Oxygen. 


Vital Capacity, Inspiratory and Expir- 
atory Reserve Volumes 


Timed Vital Capacity 
Maximum Breathing Capacity 


Oxygen Consumption: Basal Mvtabolic 
Rate 

Bronchospirometry: Oxygen consump- 
tion and Vital Capacity of each lung 


CO, concentration of expired gases 


All tests performed in room air 





Special models available for infants and 
small animals. 


Send for complete brochure from: a 
INSTRUMENTATION ASSOCI 


17 West 60th Street @ New York 23, N. Y. 


Exclusive representative in the United States and South America 





& 


i ‘a 
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RECIPRO-GLIDE 


HEAVY DUTY SHAKER 
RECIPROCATING MOTION 


Available in Heavy Duty Model R-7 and 
Extra Heavy Duty Model R-8 

Both models can be supplied with Box Carrier or 
Flask Platforms 

Hardwood Box Carrier with adjustable partitions 
and screw clamping device securely holds bottles, 
jars, cans, carboys and other containers 

Flask Platforms available with all sizes of Clamps 
specially designed for easy insertion and removal 
of glassware 

Continuously adjustable speeds, 50-200 cycles per 
minute (higher or lower speed ranges can be sup- 





* Interchangeable Flask Platforms plied on request) 
* Large Capacity * Compact Design Model R-8 has an adjustable stroke of 0-4”; Model 
*« Variable Speed * Quiet Operation R-7 has a fixed stroke of 114” 
* Rugged Construction * Precision Built Built for continuous-duty, trouble-free service 


Unconditionally Guaranteed for One Year 


NEW BRUNSWICK SCIENTIFIC CO. 


a PRECISION LABORATORY APPARATUS as 


P. O. BOX 606 @ NEW BRUNSWICK, N. J. 
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fills every research requirement 


ORTHOLUX wiicrosco 

MICROSCOPE 
IDEAL FOR RESEARCH —The Leitz ORTHOLUX microscope is highly valued in leading research 
laboratories because of its versatility, image quality and unique advantages. The 


ORTHOLUX incorporates the most refined details of advanced optical design and has its 
own built-in illuminating system for transmitted or incident light. 





WITHIN SECONDS the ORTHOLUX with easily attached Leitz accessories adjusts for: bright and 
dark field + polarized light + phase contrast + fluorescence microscopy + photomicrography « 
table and wall projection «+ ultropak illumination for reflected light. 


COMFORT AND EASE OF OPERATION—ORTHOLUX 
design permits operation of the microscope in a relaxed 
position with unobstructed stage in clear view and 
fingertip control of low position, table-top adjustment 
knobs. And... the dual controls move only the ball- 
bearing stage—they do not alter the favorable eye- 
piece height — providing fatigue-free operation. 













Send for ORTHOLUX brochure. “= 
See and examine the 


ORTHOLUX microscope soon. 
&. Leitz, inc., Dept. FP-7 


468 Fourth Ave., New York 16, N. Y. 
Please send me the Leitz ORTHOLUX brochure. 


Name 





Street 





City. Zone___State. 





CC ee ee ee wee en a ee me ee ser mee ee 4 
E. LEITZ, INC., 468 FOURTH AVENUE, NEW YORK 16, N.Y. 
Distributors of the world-famous products of Ernst Leitz, Wetzlar, Germany 
LENSES + CAMERAS + MICROSCOPES «= BINOCULARS 
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Just Published 


ANNUAL REVIEW OF 


PHYSIOLOGY 


MARCH, Vol. 18 


Editors: V. E. Haut, F. A. FuHRMAN, 
A. C. GirsE 


591 pages 


CONTENTS: 

Prefatory Chapter (Trends in Physiology as 
seen from South America), B. A. Houssay 

Neoplastic Growth, G. Klein 

Energy Metabolism, M. Kleiber 

Physiological Aspects of Genetics, E. L. 
Tatum and S. R. Gross 

The Physiology of Connective Tissue, A. 
Dorfman and M. B. Mathews 

Muscle, G. A. Feigen 

Respiration, H. Heemstra 

Digestion, B. Uvnis 

Peripheral Circulation, B. Folkow 

Heart, H. Schaefer 

The Kidney, F. R. Winton 

Liver, R. W. Brauer 

Central and Synaptic Transmission (Phar- 
macological Aspects), W. L. M. Perry 

Somatic Functions of the Nervous System, 
P. Dell and M. Bonvallet 

Visceral Functions of the Nervous System, 
R. P. Ahlquist 

Higher Functions of the Nervous System, 
H. Jasper, P. Gloor, and B. Milner 

Visceral Receptors, C. Heymans, and G. R. 
de Vleeschhouwer 

Pituitary-Adrenal Relationships, C. N. H. 
Long 

Reproduction, R. O. Greep 

Thyroid, R. Michel 

Effects of Radiation on Mammals, E. P. 
Cronkite and V. P. Bond 

Comparative Physiology (Behavior), D. S. 
Lehrman 





MEDICINE 


MAY, Vol. 7 611 pages 
Editors: D. A. Rytanp, W. CREGER 


CONTENTS: 

Viruses of the Upper Respiratory Tract, 
G. G. Jackson 

Nutrition and Nutritional Diseases, W. J. 
Darby 

Endocrinology (The Hormones), C. Dodds, 
O. Garrod, and S. A. Simpson 

Obstetrics, A. C. Barnes 

Advances in the Treatment of Sterility, 
E. J. Farris 

Psychiatry, L. C. Kolb 

Pulmonary Emphysema, R. V. Ebert 

The Metabolic Response to Trauma, J. E. 
Rhoads, B. Roberts, and J. Helwig, Jr. 

Laboratory Aids to Diagnosis and Therapy, 
J.C. Reinhold 

Toxicological Aspects of Occupational Haz- 
ards, H. E. Stokinger 

Sympathetic Blocking Agents, F. F. Yonkman 

Kidney Function During Anesthesia, EZ. M. 
Papper and 8S. H. Ngai 

Radioactivity Injury and Recovery from 
Radiation Exposure, J. W. Howland 

Diseases of the Kidney, C. Brun, T. Hilden, 
P. Iversen, and F. Raaschou 

Cardiovascular Diseases (Medical), B. Logue 
and C. Tomlin 

Diseases of the Cardiovascular System 
(Surgical), C. Hufnagel 

Diseases of the Gastrointestinal Tract, J. 
Cain and R. A. Rovelstad 

Hematopoietic Responses to Radiation In- 
jury, L. Jacobson 

Neoplastic Diseases (Cancer), D. 
H. Spencer and A. Weiss 

Immunity, S. Raffel 

Pediatrics, R. V. Platou 

Diseases of the Nervous System, W. H. Sweet 

Audiology, D. M. Markle and E. P. Fowler 

Diseases of the Bones and Joints, J. H. Bauer 

Applied Preventive Medicine, H. R. Leavell 

Annotated List of Reviews in Medicine, E. 
MacKay and L. MacKay 


Laszlo, 


Most Back Issues Available 


$7.00 postpaid (U.S.A.) 


$7.50 postpaid (elsewhere) 


ANNUAL REVIEWS, INC. 


GRANT AVENUE 
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(1955) 
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PRINCIPAL NERVOUS PATHWAYS, 4th Ed. 


“A dynamic and functional view of neuroanatomy is presented throughout. This is to 
be commended, not only as an aid to the study of neuroanatomy, but for its subsequent 
perp sam with the understanding of neurophysiological processes, clinical neurology, 


‘osurgery.”—Journal of Medical Education. 


(1952) 73 Size: 84%” x 11” $4.50 





71955) fas j - = ale 
pete Lage EDWARD S. WEST 


TEXTBOOK OF BIOPHYSICAL CHEMISTRY, new 2nd Ed. 
(formerly Physical Chemistry for Students of Biochemistry and Medicine) 


Because application of principles is discussed, the student is able to see the physical 
chemical principles in physiological operation. Much of the text comprises material 
from the second edition of Textbook of Biochemistry by West and Todd. The Bronsted 
concept simplifies biochemical problems such as acid-base balance. The treatment of 
isotopes particularly suited to tracer studies has been expanded. 

Publication: June Approximately 372 pages Probably $6.50 


ee 
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LOURDES for finest performing HIGH SPEED 


CENTRIFUGES ~ Multi-Mixer 


Model SL CENTRIFUGE 


E 
1 aa Contr 
Mo de Swinging Cup Rotor 
Speed to 12,000 RPM Jan 
90 RPM — to 21,500 XG . 
apacity — 96 cc f Volume Rotor 
; , Speed to 11,00 

Price: $565.00 Force to 26,000 XG 
(without rotor) ia a 1900 
Capacity — 1500 ce 


(Complete range of adapters for smaller tubes 
) 





Model L CENTRIFUGE 
, 500 RPM 


@ Speed to 8 

& Force to 11,800 X G 

e Capacity — 1500 3, 15 
e adapters — 5 10... 
and 50 cc tubes. 








Sam 
e 
Performance as 
m 
above ode! AA 





FEATURES 
ae ; Price: $785.00 
(complete) 


© 2 hour timer 
© Ammeter 
ep 
eluxe Construction 








Price: $595.00 
(complete) 


lal Emulsifying 
al Disintegrating 





od 
. Homogenizing 


Model AT CENTRIFUGE 
anc 


Same perform A 
features Models . 
and AB above PIV? ** 

a 
, . within i ccc j 
*Centrifugation entrifuge 

ventilated heavy "ie fest tubes 

duty steel tank. 


nd all i 
ean Mw Fine Chopping 








Price: $745.00 
(complete) 
Price, $136. 00 


With, t Ntain m 
Out ¢, i emb, 
Ontainer or ixing Qa y 
Ss I 


1 YEAR GUARANTEE ON ALL UNITS! 


INSTRUMENT CORP. 
BROOKLYN 32, NEW YORK July 


\ al 
lLourped LOURDES 
53rd ST. & Ist AVENUE 
LiSE OD MANUE ACT URIS EXPER! EN 
bulletins FP-756 


A  BDECADE OF SPECIA 
For additional information send for free 
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bantam-ware 











“Bantam-ware’’, a new idea in small organic 
glassware, was designed with the chemist 
in mind. During exhibits, personal calls 
and from correspondence we have collected 
your thoughts on small scale glassware. 
With this as a basis, ‘“Bantam-ware’’ was 
conceived. Here are some important features 
you requested—which are incorporated in 
“Bantam-ware”’ 

NO HOLD- -UP—Designed to prevent hold- 
up, ““Bantam-ware’’ distillation connections 
are straight through ball and socket joints. 
The product catching bulb customarily 
found below the ground zone of outer joints 
has also been eliminated. 

MATED JOINTS & CLAMPS—Outer 
walls of ST ‘‘Bantam-ware’’ joints are 


meg 


VINELAND, NEW JERSE\ 


x 


— = 


\ 
ke 

if 

: 
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A COMPLETE, SMALL 
ORGANIC CHEMISTRY 


LABORATORY 


cylindrical to enable vise-like gripping with 
“Bantam-ware’”’ small scale extension 
clamps. The principal joint size used 
throughout the kit is ST 14/20. 
COMPACT—The ‘‘Bantam-ware”’ cabinet, 
occupying only 2.5 sq ft. of laboratory 
space, provides a storage area for com- 
ponents of the kit. It also raises the work 
surface to a convenient height and places at 
the immediate disposal of the research 
chemist a diverse line of small organic glass 
apparatus and accessories. 

SAVE TIME, MATERIALS—The kit idea 
saves time in locating glass equipment, 
ordering missing parts and setting-up for 
reactions. Use Bi small glass apparatus 
minimizes the amounts of often expensive 
reactants required and sharply reduces the 
time required for reactions to reach com- 
pletion. 


Write for Your Free Bantam-Ware Catalog Today! 
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...an Important New Service for the Biochemist 


In response to many requests by biochem- 
ists, Baker & Adamson presents the first in 
a series of “reagent plus” chemicals being 
developed especially for biological use. 
Immediately available are: 


Biological Grade 
SODIUM CHLORIDE 
POTASSIUM CHLORIDE 
SODIUM BICARBONATE 


Here are reagents tailor-made to the bio- 
chemist’s stringent standards for the prep- 
aration of cultures and other exacting 
uses. B&A has purified these products far 
beyond the universally accepted A.C.S. 
quality standards without making the 
selling price prohibitive. 

Complete specifications on these special 
new products are contained in a free folder 


Jacksonville «+ 
Philadelphia* + 


Chicago* + Cleveland® + 
Kalamazoo + 
Pittsburgh* « 


titled “B&A ‘Reagent Plus’ Chemicals for 
Biological Use.” Write now for your free 
copy. Your inquiry about these or any 
other high-purity compounds needed for 
biological applications will be welcome. 


OTHER B&A QUALITY CHEMICALS 
WITH BIOLOGICAL APPLICATIONS 


Laboratory Reagents and “C.P.” Acids—More 
than 1,000 high-purity products. 


Radiochemicals, including Deuterated Com- 
pounds and Carbon-14 Labeled Compounds. 


U.S.P. and N.F. Grade Chemicals—Produced to 
requirements of the U. S. Pharma- 
copoeia and National Formulary. 


Special Chemicals—Custom-made 
to your specifications. 


Baker & ADAMSON Aegon 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
= ee ee ee ee 40 Rector Street, New York 6, N. Y.-———— — = 


Offices: Albany* + Atlanta «+ 
Buffalo* + Charlotte* «+ 


Birmingham* + Boston* + Bridgeport® 
Denver* + Detroit* + Houston* 
Los Angeles* + Milwaukee * Minneapolis * New York® 
Providence* + St. Louis* ¢ San Francisco* + Seattle 


Baltimore* + 





Kennewick* and Yakima (Wash.) 
In Canada: The Nichols Chemical Company, Limited * Montreal* * Toronto* * Vancouver* 
SETTING THE PACE IN CHEMICAL PURITY SINCE 1882 


*Complete stocks carried here 
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From the very beginning... in the very first Autotechnicon which introduced 


automation to tissue-processing .. . a round deck was used because only in a circle 


can you condense so many beakers, so compactly. It's simple geometry. 


But even the best idea can be improved, the deck 


is still a perfect circle . . . but it is smaller by a third. 


Still, the new radial beakers have 20% more capacity 


of both fluid and tissues than the previous ones. 


Since it doesn't sprawl all over the place, as you 
see above, the New Autotechnicon, occupies 
only the very corner of your lab-bench, leaving 


almost the entire bench free and clear for other 


Write today for Booklet 2-AT, for description of these new instruments, 







work. 


atechnicon’ 


Tralibliazer in histologic automation 





the entire Autotechnicon 
is mounted on a free- 
wheeling quiet turntable 
. . « just rotate it to bring 
any beaker to the front 


THE TECHNICON COMPANY 


New York 
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AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS 


Golden Jubilee Celebration’ 


CRHICHIOCHICHICHRICRICWD 


INTRODUCTORY REMARKS 


President: J. Murray Luck 


Bi AND GENTLEMEN, FELLOW MEMBERS OF 
THE AMERICAN SociETY OF BrioLoGicAL CHEM- 
IsTS, OUR COLLEAGUES FROM OUR SISTER SO- 
CIETIES OF THE FEDERATION, DISTINGUISHED 
GUESTS: 

On behalf of the American Society of Bio- 
logical Chemists, I welcome you to this the 
Golden Jubilee Celebration of the Society and of 
the Journal of Biological Chemistry. 

This is a year of notable anniversaries: the 
25th Anniversary of the Society of Biological 
Chemists, India; the 30th of the Japanese Bio- 
chemical Society; just a few percent short of 
being the 50th Anniversary of the Biochemical 
Society and of the Biochemical Journal; a very 
close approximation to the 50th of our own 
Society and of the Journal of Biological Chem- 
istry; the 100th Anniversary of the birth of 
Russell H. Chittenden, the first president of our 
Society and incumbent of the first chair of bio- 
chemistry in this country; and, finally, according 
to the Saturday Review, the 2500th Anniversary 
of the birth of Kohmar Pehriad. The first of these 
anniversaries was celebrated at Agra in January 
and our Society was fortunate in being repre- 
sented by our recent past president, Dr. Glen 
King. The 30th Anniversary of the founding of 
the Japanese Biochemical Society was appropri- 
ately celebrated at Tokyo in November 1955. 
Dr. Keith Cannan attended as our representative 
and presented the felicitations of our Society. 

Since we intend, with all the immodesty that is 
appropriate to such an occasion, to bask for the 
rest of the evening in the glorious achievements 


1 Atlantic City, April 18, 1956. 


of our past 50 years, I intend to say nothing more 
about the history of the Journal and of our So- 
ciety. Indeed, we have engaged the services of 
quite a galaxy of the illustrious who are not to 
feel the least deterred in singing the praises of 
the Society and of the Journal. We hope also to 
prevail upon Dr. R. E. Davies to say a few words 
about our sister Society in Great Britain for I 
think it is noteworthy that the idea of founding 
a biochemical society should have seized upon 
the imagination of biochemists on both sides of 
the Atlantic at about the same time. 

I did not know Professor Chittenden—one of 
that small and noble band through whose efforts 
the American Society of Biological Chemists 
came into being. Perhaps he would have looked 
with askance at the high protein fare that has 
been ours this evening, but he would have felt 
gratified to know that the Society had at last 
shaken off the frivolities of youth and was now 
settling down to a sedate and comfortable 
middle age. 

I pay tribute to the apocryphal birth of that 
apocryphal scholar, Kohmar Pehriad, in 544 
B.C., only because he is represented to us as the 
inventor of the comma and the period without 
which the Journal of Biological Chemistry and 
almost all communicated thought would blush 
in the nudity of the unpunctuated sentence. 
Think of the innuendo, the ambiguity, and the 
wealth of confusion we could so effortlessly put 
into our writings were it not for that gifted in- 
ventor of the small round dot. 

Nor do I intend to overlook that doughty 
present-day champion of the comma and the 
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small round dot and his fellow knights with their 
sharpened lances of graphite—our beloved 
Editor, Rudolph Anderson, and the members of 
the Editorial Board. For 25 years he has served 
on the Editorial Board and since 1937 he has 
edited the Journal and has communicated his 
wisdom and superb direction to his fellow mem- 
bers of the Board. 

The program does not make mention of a 
speech by Dr. Donald D. Van Slyke, one of the 
early members of the Society and a bulwark of 
defense and support as Managing Editor of the 
Journal from 1914 to 1925. I intend to call upon 
him later, perhaps to say a few words about Dr. 
Anderson. Although this is not the moment to 
thank the Committee on Arrangements, it is 
fitting to mention even now, before we begin, 
that Dr. Van Slyke was the Chairman of the 
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Committee which was responsible for arranging 
this Anniversary Celebration. On this, he and 
his colleagues have labored since April last. 

I fear that some of you will have accepted my 
remarks as a Presidential Address, but I trust 
not. Such trespasses upon the time and patience 
of the members have been frowned upon for 
many years, for according to the records the 
last of these was given in 1915. 

Perhaps there are others who, on the contrary, 
will interpret these remarks to be in fact a Presi- 
dential Address. If so, I shall seek comfort in 
having fulfilled the spirit of an early circular 
letter to the Council. For in 1912 the Council 
was reminded that such an innovation [a Presi- 
dential Address] ‘‘might show to the world at 
large that the President of our Society is capable 
of exerting a function.” 
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CONGRATULATORY MESSAGES ON THE 50TH ANNIVERSARY 
OF THE AMERICAN SOCIETY OF BIOLOGICAL CHEMISTS 


Messages from Federated Societies 


As President of the American Physiological 
Society and in Loco Parentis, I offer the sincerest 
and most cordial congratulations to yours, Our 
Daughter Society, on reaching the fiftieth anni- 
versary of its founding. May past usefulness and 
harmony foreshadow a bright future and evermore 
growth in the spirit of Science. 

Very sincerely yours, 
W. F. Hamiuron, President 
The American Physiological Society 


CHIOROEOWSD 


The membership of the American Society for 
Pharmacology and Experimental Therapeutics 
joins me in congratulating the American Society of 
Biological Chemists on the occasion of its fiftieth 
anniversary. The constant growth of your Society 
has contributed in great measure to the solidarity 
of the Federation of American Societies for Ex- 
perimental Biology. The kinship of our two socie- 
ties is well attested by noting that John J. Abel, 
the second president of your society, became, in 
the year following his presidency, the founder of 
our society. The members of the American Society 
for Pharmacology and Experimental Therapeutics 
look forward with keen anticipation to many 
further years of close association with the mem- 
bers of the American Society of Biological 
Chemists. 

E. G. Gross, President 
American Society for Pharmacology 
and Experimental Therapeutics 


CHICWIEWOD 


On behalf of the American Society for Experi- 
mental Pathology, it is a privilege to extend our 
congratulations to the American Society of Bio- 
logical Chemists on the occasion of the 50th anni- 
versary of the founding of your great chemical 
society in 1906 under the leadership of its famous 
chemist, Professor Christian A. Herter. It is 
particularly fitting that experimental pathologists 
rejoice in the celebrated accomplishments of your 
Society, for the first meeting of your Society in 
1907 at the George Washington Medicai College 
and the Cosmos Club in Washington, D. C., in- 
cluded dissertations by the experimental pathol. 
ogists H. Gideon Wells, J. G. Adami, and Oscar 


Klotz. Philip Shaffer of the Department of Experi- 
mental Pathology at Cornell University reported 
on protein metabolism in exophthalmic goiter. 
Chemical pathology is an important aspect of the 
development of experimental pathology that 
flourishes vividly today in splendid testimony to 
the wisdom of your leaders and ours. 

Sincerely yours, 

Haro. L. Stewart, President 

The American Society for 

Experimental Pathology 


CHICHWICWS 


The American Institute of Nutrition salutes 
the American Society of Biological Chemists on 
the occasion of its Fiftieth Anniversary. From its 
inception the Society assumed a high position of 
leadership and service. Over the succeeding half 
century it has grown greatly in numbers, all the 
while enhancing its prestige. Truly it has achieved 
an outstanding and enviable record. Its member- 
ship has comprised a long line of distinguished 
scientists whose contributions have had a tre- 
mendous import in expanding the total body of 
useful knowledge. The Institute of Nutrition 
wishes for the Society of Biological Chemists 
continued success over the next fifty years. 

Yours sincerely, 
W. H. SEesre.., Jr., President 
American Institute of Nutrition 


CHICHICHWD 


In behalf of the American Association of Im- 
munologists, I wish to offer you our congratula- 
tions on the occasion of the Fiftieth Anniversary 
of the founding of the American Society of Bio- 
logical Chemists. The magnitude of the contribu- 
tions of your Society to the progress of biochemis- 
try in this country and all over the world defies 
description. The successful development of the 
Federation of American Societies for Experimental 
Biology is in no small part due to your activities. 
It is hoped that the progress of your Society will 
go on at the same rate during the next fifty years 
as it did during the first half century. 

Yours sincerely, 

JuLes Freunp, President 
The American Association 
of Immunologists 
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Messages from National Biochemical Societies! 


AUSTRALIA* 


The Australian Biochemical Society is probably 
the youngest biochemical society in the world, 
and it is therefore understandable that its mem- 
bers should look with admiration at, ard gain 
considerable impetus from, the achievements of 
the American Society of Biological Chemists 
over the past fifty years. May I, Sir, on behalf of 
my Council and the members of the Australian 
Biochemical Society offer our sincere congratula- 
tions to the American Society of Biological 
Chemists on the occasion of its Golden Anniver- 
sary. 

R. Lempere, President 


* By P. M. Nossal 


BELGIUM* 


The Sociéte Belge de Biochemie is happy at 
being invited to participate in the fiftieth anni- 
versary of the foundation of the American Society 
of Biological Chemists. As one of the youngest 
biochemical societies—only five years old—we 
are pleased to express here our admiration and 
our heartiest congratulations. Belgian biochemists 
are happy to have this opportunity of stating 
publicly their gratitude for all the aid that their 
American colleagues have always given them and 
for the warm welcome they have always received 
in their laboratories. More than a fifth of our 
members have stayed in American laboratories 
for various lengths of time. We sincerely hope 
that the scientific achievements of the American 
Society of Biological Chemists will continue with 
the same zest in the future as in the past and 
express the wish that the ties of friendship that 
bind American and Belgian biochemists will 
always grow stronger. 

Pau Purzeys, President 
CLAUDE LiéBeEcq, Secretary 


* By J. Berthet. 


CANADA* 


It gives me very great pleasure indeed to be 
here tonight on this the occasion of the Golden 
Anniversary Dinner of the Society, to bring greet - 
ings and congratulations to you from the Canadian 
National Committee of Biochemistry. In the 
moment which I have at my disposal I would like 
to pay tribute to a great Canadian biochemist, the 
late Professor A. B. Macallum, who was a member 


1Those marked with an asterisk were read at 
the 50th Anniversary Dinner. 


of the original Editorial Board of the Journal of 
Biological Chemistry, and who served for many 
years in that capacity and also held executive 
office in the Society for many years, being Presi- 
dent in 1912 and 1913. 

J. B. Coup 


CZECHOSLOVAKIA 


I take the liberty of transmitting to the mem- 
bers of the Society my message of the most cordial 
greetings and wishes of full success on the occa- 
sion of the Anniversary. 

AcCADEMICIAN FRANTISEK Sorm 
Secretary General 


DENMARK* 


Dr. Frank Lundquist, of the council of the 
Danish Biochemical Society, has entrusted me 
with the honor of conveying the congratulations 
and best wishes of our Society to the American 
Society of Biological Chemists on the occasion of 
its 50th Anniversary. It would be difficult for 
anyone to compete with the spokesman of our 
Norwegian brother Society, Ragnar Nicolaysen, 
in expressing in fitting terms our warm feelings 
for the inspiration and guidance which the Ameri- 
can Society of Biological Chemists has brought us 
through the years. As you know, Danish bio- 
chemists such as Kai Linderstrgm-Lang, Hans 
Ussing and many others have close ties and mutual 
friendships with many of the leaders of the Ameri- 
can Society of Biological Chemists. Fortunately, 
perhaps because of these friendships, the traffic 
has not been just away from Denmark but also 
toward Denmark, especially to the Carlsberg 
laboratory, to which we often refer as the ‘Parnas.’ 
It is our fondest wish that this traffic in both diree- 
tions will continue. The greetings and wishes 
from our Society to yours includes not only 
professors, doctors and magisters but also pre- 
magisters. In our charter, at least one of the 
Council of four is elected from the student group. 
It is, therefore, an extra pleasure for me to serve 
as the direct spokesman for the youngest genera- 
tion of Danish biochemists on this occasion. All 
of us wish to congratulate you on the achieve- 
ments of the past 50 years and look forward to 
the continuing growth of American biochemistry 
in the next 50 years. 


* By H. M. Kaccxar. 
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FINLAND* 


For its fifty years of successful activity the 
American Society of Biological Chemists is 
cordially greeted and congratulated by bio- 
chemists and microbiologists of Finland. The 
Journal of Biological Chemistry, the important 
publication of your Society, has throughout its 
existence been of extreme benefit to biochemical 
research all over the world. 

A. I. VirTANEN, President 


FRANCE* 


La Société de Chimie Biologique apprécie pro- 
fondément l’honneur qui lui a été fait de par- 
ticiper aux manifestations du Jubilé de l’American 
Society of Biological Chemists. Aussi nous nous 
réjouissons de pouvoir associer les Biochimistes 
frangais aux témoignages d’amitié et de sym- 
pathie, qui vous sont adressés de toutes les parties 
du monde. L’American Society of Biological 
Chemists a été créee au moment ot la Biochimie 
commengait d’étre une Science Autonome. La 
Société Américaine a joué un réle de premier plan 
dans l’evolution de la Biochimie, aussi bien par le 
nombre de ses adhérents, que par leur valeur. II 
nous parait particuliérement heureux d’avoir 
commémoré en méme temps le cinquantenaire de 
la plus importante Société Biochimique du monde 
et du plus prestigieux périodique relevant de 
cette science. En France, nous avons la plus 
grande estime pour le Journal of Biological Chem- 
istry, qui a si largement contribué aux progrés de 
la Biochimie. Nous le lisons avec un trés vif in- 
téret, car si depuis 1906 le nombre des articles 
publics chaque année s’est notablement accru, 
leur qualité s’est constamment maintenue au 
méme niveau: le plus elevé. Depuis sa création 
en 1914, la Société de Chimie Biologique entretient 
d’amicales relations avec l’American Society of 
Biological Chemists. Les récents Congrés Inter- 
nationaux de Biochemie ont permis de multiples 
contacts des plus cordiaux entre membres de nos 
deux Sociétés. C’est au nom de cette solide et 
durable amitié, que nous nous associons de grand 
coeur aux adresses de felicitations que vous re- 
cevrez, nous désirons vous exprimer nos senti- 
ments d’estime pour l’quvre que vous avez 
accomplie. Nous y joignons tous les vaux chal- 
cureux, que nous formons pour que |’avenir de 
’American Society of Biological Chemists et du 
Journal of Biological Chemistry s’affirme toujours 
de plus en plus prospére. 

P. BoutanGcer, Le Président 

J. E. Courrtors, Le Sécretaire Général 

Y. Raoun, Le Rédacteur en Chef, du Bul- 
letin de la Société de Chimie Biologique 


* By J. E. Courtois. 
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GERMANY* 


The Society for Physiological Chemistry in 
Germany wishes to compliment the American 
Society of Biological Chemists on its 50th Anni- 
versary. During these 50 years Biochemistry has 
become one of the outstanding fields of natural 
science. When your society was founded the 
formulas for saccharides, nucleic bases and most 
amino acids had already been established and in 
intermediate metabolism the first approaches 
towards the elucidation of the decomposition of 
fatty and amino acids were made. Today we have 
extensive knowledge of the structure of a protein 
molecule, the sequence of amino acids, the com- 
position and biological function of nucleic acids 
and above all, our conception of intermediate 
metabolism and the involved enzymes and co- 
enzymes has become extremely broad and 
profound. The American Society of Biological 
Chemists can be proud that its members have 
contributed so much to the development of our 
branch of science. Our wish is that the achieve- 
ments of your society in the future may even 
exceed those of the past. 

Kort Feuix, President 
N. Vorer, Secretary 


* By L. Roka. 


GREAT BRITAIN* 


This Society desires to convey its best wishes 
to the American Society of Biological Chemists 
and its most sincere congratulations on the 
achievement of the Fiftieth Anniversary of the 
Journal of Biological Chemistry. On this memorable 
occasion it is pleasant to recall that a link existed 
between our two Societies from their very begin- 
nings in the dawn of modern biochemistry. It is 
recorded in our history that the purchase of the 
Biochemical Journal from its private owners by 
the Biochemical Club, which thereupon became 
the Biochemical Society, was helped by a generous 
gift from Mrs. Christian Herter. Henry Drysdale 
Dakin, through whose good offices this gift was 
received, was an Original Member of our Society 
and for more than forty years formed a living link 
between us. He was but the first of many famous 
men who later honoured both Societies with their 
membership. We are therefore entitled today to 
share your proper pride in past achievements and 
join in your hopes for an even more brilliant 
future. 

F. L. Warren, C. E. DALGLIESH 
Honorary Secretaries 


* By R. E. Davies. 
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INDIA* 


In behalf of the Society of Biological Chemists, 
India, I would extend to you our warmest felicita- 
tions on the happy occasion of the Anniversary 
of the founding of the American Society of Bio- 
logical Chemists. The period of the last fifty years 
has witnessed phenomenal advances in Biochemis- 
try and to the attainment of this position the 
work of American scientists has made outstanding 
contribution. We have every confidence that their 
future contributions will be of equal and even 
greater importance. Let us on this occasion forge 
yet stronger bonds of fellowship among the bio- 
chemists of the world. 

B. C. Guna, President 
Society of Biological Chemists, India 


* By P. M. Bhargava. 





ITALY 


I have the great pleasure, on behalf of the 
Italian Society of Biochemistry, to send the 
most sincere greetings to your Society, on the 
occasion of the Fiftieth Anniversary of its founda- 
tion. We all know and appreciate the most im- 
portant, essential contributions derived from 
your Association’s members to the progress of 
our science, and the best wishes we may think of 
on this glorious occasion are to see continued in 
the years to come the leading function which 
American biochemistry, through your Society’s 
members, has acquired today. 

G. QUAGLIARIELLO, President 


JAPAN* 


On this memorable occasion of the 50th Anni- 
versaries of the American Society of Biological 
Chemists and the Journal of Biological Chemistry 
I have the honor of representing your colleagues 
in the Japanese Biochemical Society who send you 
their warmest congratulations. As Dr. Luck 
mentioned, last year for the 30th Anniversary of 
our society we had the great pleasure of receiving 
the official representative of your Society, Dr. 
Keith Cannon. Therefore I have the added grati- 
fication of being able to reciprocate your cordial 
gesture. Through the Journal of Biological Chem- 
istry, we have followed the outstanding contribu- 
tions of American biochemists that have led to 
your position of world leadership in our science. 
We biochemists of Japan have been much influ- 
enced and helped by exchange professorships and 
fellowships between our countries and the fact 
that many Japanese biochemists have received 
training in the United States. I wish to take this 
opportunity to express on behalf of the Japanese 
biochemists, our profound appreciation. We wish 
you in the next fifty years as much progress and 
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success as you have experienced in the past half 
century. 


* By Norio Shimazono, for the Japanese Bio- 
chemical Society. 


NETHERLANDS 


The Dutch Biochemical Society offers her best 
wishes on the oceasion of your Fiftieth Anniver. 
sary. May you continue adding the wisdom of 
fifty years experience to the wisdom of hope you 
always possessed. 

Lens, President 


NORWAY* 


It is a privilege to have been asked to address 
this illustrious society on such an occasion, al- 
though with much regret it has to be done across 
the four thousand miles of Atlantic Ocean. How- 
ever, one real privilege of scientists is that no 
oceans, no walls, separate us in reality. We all 
know each other and we are old friends whenever 
we meet. As a matter of fact no one could have 
made this clearer to me than one of your renowned 
members: Baird Hastings. When we met. first 
about 13 years ago he patted my shoulder and 
said, ‘‘By Jove, we are old friends; I have known 
you for ten years.’’ Your periodical, the Journal 
of Biological Chemistry, is like a continuous stream 
of greetings to us in our part of the world, in fact 
to all admirers of American biochemistry every- 
where. Our job is to find facts by intelligent 
speculation followed by experimentation, and 
nothing but the truth will satisfy us. Time has 
marched since the birth of your society and truly 
you have grown at an exponential rate in every 
way, to the benefit and to the inspiration of us all. 
The warmest greetings and congratulations from 
all Norwegian biochemists accompany these words 
from your old friend. 

RAGNAR NICOLAYSEN, Chairman 
Norwegian Committee on Biochemistry 


POLAND 


The Fiftieth Anniversary of yeur Society repre- 
sents a milestone in the history of Biochemistry. 
In assessing the achievements of modern biochem- 
istry you may well be proud of the magnificent 
contributions conveyed to the reader in your 
Journal of Biological Chemisiry during the past 50 
years. The present generation of Polish biochem- 
ists is indebted to a considerable extent to your 
publication. We extend to you our warmest greet- 
ings on the occasion of the Golden Anniversary of 
your Society and your Journal. We are convinced 
that the extension of contact between biochemists 
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of our two countries as well as all other countries 
should, and will, continue to increase and that 
such cooperation is in the best interest of science 
and mankind. 
For the Biochemical Committee 
JozeEF HELLER, Chairman 
JeRzY MEpuskKI, Secretary 


SPAIN* 


The Spanish National Committee of Biochemis- 
try wishes to congratulate the American Society 
of Biological Chemists in its Fiftieth Anniversary. 
Your tremendous success in this period of time is 
for our young Spanish Society a shining example 
and a matter of hope. On our own scale, we would 
be very happy to follow your lines. After the 
second World War a number of Spanish students 
have come to the United States for training in 
biochemical research. We would like to see this 
number increase. This would be of primary im- 
portance for the development of biochemistry 
in Spain. We would be very grateful for your 
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cooperation in making it possible for our students 
in biochemistry to complete their training with 
you. Finally we wish to invite you to Spain. As 
you know we have in Spain a great deal of history, 
folklore and scenery. Now we also have the be- 
ginning of a generation of biochemists. Even 
purely tourist visits would be useful for us, since 
they would offer opportunities for example, ad- 
vice and increase in mutual understanding. You 
will be very welcome! 

A. Santos-Ruiz, President 





* By A. Sols. 


SWEDEN 


On the occasion of the Fiftieth Anniversary of 
the American Society of Biological Chemists the 
Swedish National Committee for Biochemistry 
sends cordial congratulations and best wishes for 
the future. 

Hugo THEORELL, Chairman 
Karu Myrpicx, Secretary 








ORIGIN AND DEVELOPMENT OF THE AMERICAN SOCIETY 
OF BIOLOGICAL CHEMISTS 


Puiuie A. 


From the Department of Biological Chemistry, 


I CAN THINK of no greater honor for an elder 
member of this group than this privilege of ad- 
dressing members of all societies of our Federation 
as a representative of one of them—the Society 
of Biological Chemists—on the occasion of its 
50th Anniversary. 

Once a member of three of these societies and 
an occasional dabbler in fields represented by 
others, I am aware of our common interests and 
of the value of the Federation which unites us 
all in cooperation; this is an opportunity to ac- 
knowledge, as societies and as individuals, our 
indebtedness to the Federation—and to the 
officers of our societies, including the hard-work- 
ing secretaries. 

To present a ‘Résumé of the Origin and De- 
velopment of the Society of Biological Chemists,’ 
as I am asked to do, requires an interpretation 
broad enough to recognize the relationship of our 
Society to its direct ancestors: the American 
Chemical Society and, particularly, the American 
Physiological Society. 

When the Physiological Society was created in 
1887 by H. P. Bowditch, Weir Mitchell and 
H. N. Martin, they invited two physiological 
chemists to be among the 28 founding members— 
Chittenden and Vaughan. This recognition of the 
close relation between physiology and physio- 
logical chemistry was a boon to the new Society 
and also stimulated the growing interest in bio- 
chemistry. Nineteen years later when John J. 
Abel proposed creation of a society of biological 
chemists, at least 52 of those who became its 
charter members were already members of the 
Physiological Society. 

At its celebration meeting in 1938 at Balti- 
more, Professor Chittenden was called upon and 
his response deserves quoting on this occasion: 
“Tt is one of the glories of the American Physio- 
logical Society that at its very inception it took 
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SHAFFER 


Washington University, St. Louis, Missounf 


into its fold physiological chemistry and that at 
a time when that discipline, like a stray child, 
was wandering about not knowing where to gy 
where it belonged. Today physiological. 
chemistry—or perhaps you prefer to call it bio 
chemistry—is reaching out in all direction 
throwing light on many of the mysteries of life 
and giving health and strength in many ways to 
its foster mother Physiology.” 

In 1906, John J. Abel of Johns Hopkins was 


or 


insisting that biochemists were then numerow} ‘ 


enough and strong enough to leave the shelter of 
parent societies and have an association of thei 
own. Chittenden agreed with him. They con 





ferred and, on December 13, Dr. Abel sent letter 
to those they thought would be interested, ix 
viting them to attend a meeting on December 2% 
in the quarters of the American Association fo 
the Advancement of Sciences in the Hotd 
Belmont, New York City, to consider organizing 
a society of biological chemists. 

Twenty-nine attended. They are the ‘truly 
charter members. Four of them are now living 
They are: Samuel Amberg, Mayo Clinic; Willian 
J. Gies who acted as secretary at that first meet- 
ing and was forthwith elected to that office in 
the society; Alfred N. Richards, our elder state 
man, the second Secretary of this Society ant 
responsible, more than anyone else, for the 
continued success and idealism of our Journal; 
and Philip A. Shaffer, odd jobs man through the 
years. 

At that first meeting Dr. Abel made an e- 
thusiastically accepted address, presenting argt- 
ments which convinced those present of the need 
and purpose for creating a new, independent 
society. ‘Articles of Agreement’ which he had 
prepared were unanimously adopted and or 
ganization was effected. That was the ‘origit 
per se. The officers and council members elected 
were: R. H. Chittenden, President; John J. Abel, 
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Vice-President; W. J. Gies, Secretary; L. B. 
Mendel, Treasurer; Otto Folin, W. Jones, W. 
Koch, Councilors. 

That meeting is covered in a report written by 
our first secretary, Dr. Gies, and published in 
Science, volume 25, January 1907. I have here a 
tattered reprint of that article, also the sheet of 
Articles of Agreement. At the top of that sheet, 
in large letters, is the name of the society— 
characteristically, The American Society of Bio- 
logical Chemists—not biological chemistry but 
biological chemists—individuals working in a 
common but varied field unhampered by bonds 
of traditional attitudes. 

Others who indicated their wish to join but 
who could not be present were rated as charter 
members also and brought the total up to 81. I 
would not cite the present large membership in 
comparison with that of 50 years ago as a meas- 
ure of our growth but rather the notable achieve- 
ments of our members. 

What happened next after that first meeting 
and the record of achievement through the early 
years is covered in Chittenden’s volume, First 
Twenty-Five Years. Since this is a social and not 
a scientific session, it would be inappropriate as 
well as impossible in time to duplicate here that 
detail of biography and achievements, but 
progress during that period may be illustrated by 
a few topics of large significance in that they 
revealed promise of solution. 

1) Proof of the existence of Vitamins, En- 
zymes and Hormones. Many of each class were 
isolated and their activity demonstrated but 
their chemical structure was in only a few cases 
discovered. The manner of their action was only 
surmised. 

2) Another important field of accomplishment 
was the invention of simple and more precise 
methods of quantitative analysis, applicable to 
small volumes of tissue or body fluids, needed to 
reveal changes of concentration of metabolic 
constituents in experimental animals—or per- 
sons. Such new semi-micro methods as devised by 
Otto Folin, D. D. Van Slyke, Stanley Benedict 
and many others at once became useful aids to 
clinical diagnosis. That usefulness to many fields 
of medicine, as well as to experimental studies, 
was a large influence in the increasing prestige of 
bio-chemistry in almost every medical school in 
the country. The boom for bio-chemistry was 
under way! 
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One illustration from my personal experience: 
when in 1910 I went to the Department of Bio- 
chemistry in Washington University in St. Louis, 
research in the subject was limited to that De- 
partment; almost, one might say, tolerated in 
that Department. Now there is not one depart- 
ment in the whole medical center that does not 
rely heavily upon bio-chemistry; many of them 
now are carrying on major projects in bio- 
chemistry as the realistic approach to the solution 
of their problems. 

In the second 25 years, only just now being 
completed, we are able to record illustrations of 
achievement hoped for but hardly dreamed pos- 
sible 25 years ago. For instance, illustrations 
taken from the program of this meeting in 1956; 
at the Anniversary Symposium on Tuesday, 
many of you heard the following topics presented: 
‘The Composition and Structure of Virus,’ 
‘Chemical Concepts of Genetic Phenomena,’ 
‘The Pathway of Nucleic Acids Bio Synthesis,’ 
‘Bacteriophage as Nucleo-Proteins,’ ‘Enzymatic 
Syntheses’ and ‘The Structure of Enzymes.’ 

What greater proof is needed of the widening 
scope and stimulating progress within the So- 
ciety’s membership? Each would acknowledge 
that the work of many others in earlier years 
produced the foundation on which their research 
could develop and progress more significantly. 

The following volumes record that evolution 
of our own and sister societies: 


A Half Century of Chemistry in America, pub- 
lished in 1926, vol. 48, of the Journal of the Ameri- 
can Chemical Society. The chapter written by 
Graham Lusk, ‘The Chemistry of Physiology 
and Nutrition’, describes the transition that 
occurred around 1900 when physiological chemis- 
try based upon experimentation began to replace 
the traditions and complacency of the ‘old- 
fashioned’ medical chemistry. 

In 1930 Development of Physiological Chemistry 
in the United States, by Chittenden was pub- 
lished. This was supplemented by his First 
Twenty-Five Years of the American Society of 
Biological Chemists. 

The History of the American Physiological 
Society, by W. H. Howell and Charles W. Greene, 


-was published in 1938 following the semi-centen- 


nial celebration in Baltimore. (I have here a 
souvenir presented to those present at that 
meeting—first of our Federation members to 
celebrate a Golden Anniversary; this is the 
second.) 


Personally I became interested in these early 
stirrings through my grandfather for whom I 
was named and whose scientific interests are 








802 


perhaps responsible for my own. He was gradu- 
ated a year after Weir Mitchell from Jefferson 
Medical College where he studied under Weir 
Mitchell’s father, who signed his diploma. You 
know the part Weir Mitchell had in founding the 
American Physiological Society and of the in- 
justices he had suffered in consequence of his 
preaching what he _practiced—‘experiment, 
investigate, find out for yourself what you do 
not know.” 

That has been the custom bio-chemistry and 
physiology have thrived on ever since 1871 when 
the physiologist Bowditch, of Harvard, with the 
help of chemist-president Eliot, secured the first 
laboratory and equipment to be devoted to ex- 
perimental work, followed soon by a similar 
establishment at Johns Hopkins by Newell 
Martin, and by two others devoted primarily to 
technical aspects of physiological _phenomena 
and called physiological chemistry; these were in 
Michigan and Yale by Vaughan and Chittenden, 
respectively. Their influence began to spread as 
assistants went to other institutions—Chandler 
and Gies to Columbia, Hawk to Marshall’s 
laboratory in Philadelphia, etc. It all had to 
wait until laboratories (now taken for granted) 
became available to permit experimental methods 
essential for all substantial progress in physical 
sciences. 

In 1900 I became Otto Folin’s first assistant in 
a chemical laboratory for research at McLean 
Hospital near Boston. It was one of the first in 
this country to be established in hospitals for 
research in pathological chemistry. 
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With the resulting upsurge in this field all 
over the country, significant names became too 
numerous to mention here. But I have brought 
with me an interesting exhibit—two group 
photographs—one, taken of all who attended the 
annual meeting of the Federation held in St, 
Louis in 1914, one year after the Federation was 
created in Philadelphia and when our Society 
was only eight years old; the other in 1926 when 
the Federation again met in St. Louis. I know of 
no other such pictures of our Federation. I think 
you will enjoy getting acquainted in this way 
with members you may have known only by 
name, if you are young, or in renewing old ac- 
quaintances if you are older. 

Many of the faces have been identified by 
contemporaries and listed. I solicit your attention 
to the pictures and your contribution to the list 
of identifications. 

By way of honoring all of our members who 
have received notable recognition let us pay 
tribute to the most recent recipient of laurels— 
winner of the Nobel Prize—whose recent achieve- 
ments seem to promise important progress in the 
near future—his synthesis of ‘Oxytocin’, a 
hormone of the pituitary gland—the first syn- 
thesis of a polypeptide hormone. This was ae- 
complished in 1954 by Vincent Du Vigneaud 
with the aid of four assistants, two of whom are 
scholars on leave from Australia and Greece, a 
clear indication of the role of this country in 
biochemistry today. For this Du Vigneaud was 
awarded the Nobel Prize. In saluting him we pay 
tribute to all those who have gone before. 
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JOURNAL OF BIOLOGICAL CHEMISTRY: RECOLLECTIONS 
OF ITS EARLY YEARS AND OF ITS FOUNDERS 


A. N. RicHarps 


From the University of Pennsylvania Medical School, Philadelphia, Pennsylvania 


iv sci YEARS AGO, an exchange of letters 
took place between John J. Abel of Baltimore 
and Christian A. Herter of New York; they con- 
tain the germ of the Journal of Biological Chem- 
istry. Abel’s letter cannot be found; hence I 
quote only from Herter’s reply, dated May 24, 
1903— 


“T am a good deal interested in your letter 
suggesting the propriety of a new medium for 
the publication of biochemical writings in this 
country. A similar idea has often been in my 
mind although I never had any clear view as to 
the best way of reaching the desired end. It is 
inevitable that much good material for a journal 
devoted to chemical problems in physiology and 
pathology should be forthcoming in this country 
and I cannot see where it is to be printed unless 
there is some new publication for the purpose. . . .”’ 

“To restate my position then, I would say 
that I favor the establishment of a journal such 
as you have in mind and will gladly help along 
in any way I can.” 


There are no records of progress during the 
ensuing year. Herter spent a large part of it in 
Europe. But it is certain that during that time 
many colleagues, here and abroad, were con- 
sulted and gave encouragement. Upon Herter’s 
return discussions were resumed and it was 
agreed to go ahead. Scientific backing was secured 
from more than 20 active investigators in almost 
as many institutions; they became collaborating 
editors. Responsible editorship was jointly as- 
sumed by Abel and Herter. I was Herter’s 
assistant at Columbia at that time and it was 
convenient to give me the tasks of assistant 
editor. 

To guarantee permanence, the Journal was 
incorporated as a non-profit stock company, the 
members of which were Herter, Abel, Edward K. 
Dunham, Reid Hunt and A. N. Richards. Each 
held one share of stock, endorsed with the agree- 
ment that it could not be transferred except with 
the permission of three other members. The 
members elected themselves directors; the di- 
rectors chose Herter to be president; Dunham, 
treasurer; Richards, secretary. The corporation 


continued to own the Journal until it was trans- 
ferred to the Society in 1942. 

It was decided that the format of the Journal 
should closely resemble that of Hoppe-Seyler’s 
Zeitschrift fiir physiologische Chemie and that the 
price to subscribers should be so low that young 
workers could afford it. 

Financial deficits were foreseen as inevitable. 
Various means of meeting them were explored 
and discarded. One of these is worth mention for 
it illustrates policy. It appears that a proposal 
came to Abel from the Secretary of the American 
Medical Association, indicating the willingness 
of that organization to assume the financial 
burden with the implication, I believe, of par- 
ticipating in ownership. It was not accepted be- 
cause of the determination that the new Journal 
should never enter into alliances outside the field 
of biochemistry but should always be managed 
by and for biochemists, solely for the advance- 
ment of that science. In the end it was left to Dr. 
Herter to make up the deficits, and this he did 
until his death five years later. 

In the summer of 1905 hundreds of announce- 
ments of the projected journal were printed and 
mailed to libraries, laboratories and individuals 
known to have a working interest in the science. 
The mailing was done from Dr. Herter’s summer 
home in Maine, the whole family taking part in 
that job, including his young daughters and his 
nephew and namesake, now the Governor of 
Massachusetts. 

October of 1905 was the time scheduled for the 
first number. Five papers, enough for one num- 
ber had accumulated; a list of 130 subscribers 
had been obtained. Osler was the first subscriber 
from Great Britain; Calmette, the first from 
France. Inexperience of printers and of the 
assistant editor caused exasperating delays. 
Herter wrote to Abel, “It’s simply wonderful 
how many there are.” But finally, on or about 
October 20, it did come out and everyone was 
relieved and proud. The first article was by Abel 
and Taveau on epinephrine; the second was by 
Reid Hunt on the action of thyroid on the 
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toxicity of acetonitrile. Its opening paragraph 
gives an idea of how remote 1905 actually is: 


“Speculation as to the function of the thyroid 
glands had taken two main directions; some 
suppose that these organs elaborate an internal 
secretion which is of itself necessary for certain 
processes of metabolism, while others think that 
their chief function is to neutralize poisonous 
substances originating in the body (‘entero- 
toxines’) or introduced into it from without 
(iodine, for example).’’ 


The three following issues brought Volume | 
to completion in June 1906. In it is to be found 
the first paper by Dakin published in this country; 
one by Treat Johnson and young E. V. Me- 
Collum on pyrimidines; four short papers by 
Herter on chemical products of intestinal bac- 
teria; and one by Jacques Loeb on the antagonism 
of Mg and Ca ions. 

The second volume, completed in January 
1907, went to 300 subscribers, more than double 
the first list. After that volume, Waverly Press 
became our printers as they still are. The JBC 
was their first scientific journal. 

Upon the completion of Volume 6, in February 
1909, Dr. Abel resigned his editorship to devote 
his energy to the formation of the American 
Society of Pharmacology and Therapeutics and 
to the initiation of its journal. He continued as a 
collaborating editor. His resignation left Dr. 
Herter as sole editor until his death in 1910. 

Herter’s death, at the age of 45, so untimely, 
was a tragic loss to the Journal and necessitated 
important changes. Simon Flexner was made 
president of the Journal corporation; the editor- 
ship was taken over by a board, elected by the 
Directors—H. D. Dakin, E. K. Dunham, 
Lafayette Mendel and A. N. Richards. The truly 
editorial duties were distributed among the four; 
the business management was transferred to 
rooms in my laboratory, loaned by the Trustees 
of the University of Pennsylvania. I was given 
the luxury of a secretary and obtained editorial 
assistance from the person who later attained 
distinction as librarian of the Marine Biological 
Laboratory at Woods Hole, Mrs. Thomas H. 
Montgomery. 

Dr. Herter’s death entailed not only the loss 
of a much-loved and highly gifted leader but also 
the cessation of his financial support. The situa- 
tion was critical and means had quickly to be 
found either to enlist new support or to devise 
ways of making the Journal self-supporting. Both 
were realized. 

Thanks to the editors’ belief in its future, the 
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printed editions of the early volumes far exceeded 
the number of subscribers. An offer was made to 
scores, perhaps hundreds, of libraries here and 
abroad to give to any one of them a set of the 
first ten volumes at no cost, provided they would 
agree to subscribe to subsequent volumes at 
published price. A little later a similar offer wag 
made to supply the first thirteen volumes at 
nominal cost to any individual biochemist who 
would subscribe for subsequent issues. These 
devices, together with economies in manage- 
ment, brought the budget into balance. 

During that same period relatives and friends 
of Dr. and Mrs. Herter assembled a fund of 
$40,000 as a tribute to Dr. Herter’s memory, 
It was not necessary to deplete that fund and so 
it still remains, with accrued increases, as a con- 
tinuing backlog of financial strength. Neither 
was it necessary to accept either of two offers of 
help which came, one from the American Medical 
Association and one from the American Chemical 
Society. Acceptance of either would have jeop- 
ardized the policy of independence adopted at 
the outset. 

The management of the Journal remained at 
the University of Pennsylvania for four years. 
Two volumes came to be the yearly output. 
That doesn’t seem large compared with the 
present rate of six great volumes a year. But it 
was more than I could manage and at the same 
time meet my obligations to the University. So, 
to the great good fortune of all concerned, the 
duties of managing editor were accepted by 
Donald Van Slyke of the Rockefeller Hospital. 
The event shows that the Journal had become a 
going concern. 

I feel intense and lasting pride that it was my 
unique privilege to help into print the work of 
many great American investigators, some in the 
early period of their careers. The names of some 
who are no longer with us whose work will long 
endure stand out in my memory—Abel, Hunt, 
Dakin, Levene, Folin, Treat Johnson, Walter 
Jones, Stanley Benedict, L. J. Henderson, 
Walter Palmer, T. B. Osborne and Lafayette 
Mendel. 

I propose to devote the rest of my time to an 
account, necessarily brief and certainly far from 
adequate, of the careers and qualities of the two 
men who started the Journal and with whom I 
was privileged to work. Abel, the elder, lived to 
the age of 81; he died 18 years ago. Herter, 9 
years younger, died in his 45th year, more than 
45 years ago. Certainly very few in this audience 
could have known Herter; many doubtless did 
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not know Abel. I feel an obligation to attempt to 
renew their memory. 

The two men were alike in their love of science, 
in their faith in its future as the basis of the ad- 
vance of medicine and in their obedience to the 
sense of duty which that faith imposed. In other 
respects they were as widely different, it seems 
to me, as two human beings could be—upbring- 
ing, cultural background, education and_pro- 
fessional careers. Yet they were close friends and 
congenial collaborators. 

Abel, born in Cleveland and brought up 
austerely, was obliged to make his own way 
through the college of the University of Michi- 
gan; he interrupted his course for three years to 
earn money by teaching in public schools. His 
interest in chemistry was excited by Victor 
Vaughan; in physiology, by Henry Sewell—both 
great teachers. Doubtless it was their influence 
which sent him, for the year after his graduation, 
to Johns Hopkins to study under Newell Martin, 
a brilliant physiologist from the Cambridge school. 
He decided to study medicine in Europe, where 
the sciences of medicine were immeasurably 
further advanced than here and spent the next 
seven years of his training in seven different 
European universities. Among his teachers were 
giants of that era: Ludwig, His, Striimpell, 
Kussmaul, v. Recklinghausen, Naunyn, Hoppe- 
Seyler, Nothnagel, Nencki, Schmiedeberg and 
Drechsel. He received his medical degree from 
the University of Strassburg, his dissertation 
having been written under the guidance of Carl 
Ludwig at Leipzig. He came home in 1890 ex- 
pecting to practice medicine, but was diverted by 
a call from President Angell of Michigan to in- 
augurate a department of pharmacology in that 
university; it was the first in this country. Two 
years later, (1893) he accepted Osler’s invitation 
to undertake a similar task at the Johns Hopkins 
Medical School. His subsequent career of 45 
years was spent there. 

Herter’s early history presents a striking con- 
trast. His father was a gifted, successful architect 
in New York whose career was cut short by death 
at the age of 44. His home was a center of artistic 
rather than scientific culture. The son, Christian, 
got the equivalent of college training from pri- 
vate instruction under his father’s guidance. 
From early boyhood, medicine was the goal of 
his ambition. He entered the College of Physi- 
cians and Surgeons at Columbia University in 
1881 at the age of 15; completed the course with 
distinction in 3 years; then served an internship 
at the Bellevue Hospital. 
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The faculty of that day at P & S was outstand- 
ing in this country, though scarcely to be com- 
pared with those of the great universities of 
“urope. Still remembered are the names of 
Chandler in chemistry, Dalton in physiology, 
Delafield in pathology and medicine, Jacobi in 
diseases of children. T. Mitchell Prudden was 
director of the pathological laboratory; Herter’s 
preceptor was William S. Halsted, then a demon- 
strator of anatomy. 

After his internship Herter studied pathology 
for a year in Baltimore under William H. Welch; 
then, a year in nervous and mental diseases at 
Zurich under Forel, the leading European au- 
thority. 

On his return to America (1887 or -8) he began 
the practice of medicine. For a few years his 
interest centered on patients with nervous and 
mental diseases and, with Pierce Clark, he pub- 
lished a book on the diagnosis of those diseases. 
It is said that later he found the study of the 
nervous system so abounding in confusions that 
he turned his attention to chemical problems, 
particularly those connected with pathological 
conditions. He equipped a laboratory in his own 
house, primarily for the study of his patients. As 
his interest in fundamental problems increased, 
he engaged a succession of well-trained chemists 
to work in his laboratory and with their help 
trained himself in chemistry. It was there that 
all of his chemical and bacteriological work was 
done. The greater part of Dakin’s career was 
achieved in that laboratory. 

Herter’s developed competence in pathological 
chemistry obtained for him the professorship in 
that subject at the University and Bellevue Med- 
ical College in 1898. His published Lectures on 
Chemical Pathology was a book unique for its 
time. In 1903 he was appointed Professor of 
Pharmacology and Therapeutics at Columbia. 
After a year in Europe with Pau] Ehrlich and 
Hans Meyer, he assumed the duties of that posi- 
tion and discharged them for the six years before 
his death. 

In preceding paragraphs, I have pictured Abel 
as a man, rigorously trained in physiology, 
chemistry and the chemical aspects of pharma- 
cology who, mature at the age of 34, began a 
career of vigorous, incessant investigation and 
teaching of pharmacology which was to continue, 
uninterrupted, for 47 years. 

In contrast, Herter, with little basic training 
in the sciences of medicine, undertook to teach 
himself chemistry, first to aid him in problems of 
practice, then to extend his knowledge of pa- 
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thology. Finally he was led into the field of 
pharmacology and developed it for student 
audiences as a basis of rational therapy and a 
mode of thinking of medical problems. 

Many of Abel’s researches may truly be called 
pioneering. I mention adrenaline, amanita poi- 
sons, poisons extractable from toad’s skin, phthal- 
eins, dialysis of circulating blood (vivi-diffusion), 
pituitary hormones, chemistry of insulin, tetanus 
toxin. In these he was associated with a succession 
of gifted younger men, who went to him for in- 
spiration and guidance; many of them went on to 
distinguished careers—to mention a few, Loeven- 
hart, Ford, Rountree, Barbour, Geiling, Chen, 
Macht, Lamson, Marshall, du Vigneaud. As a 
teacher, he was particularly effective in the 
laboratory, in informal discussions and through 
his example. He advised his students to come to 
his lectures only if they thought them useful; but 
he insisted on attendance upon laboratory exer- 
cises and demonstrations. No one in this country 
has had greater influence in bringing pharma- 
cology to maturity as a science. 

He had a talent for organization—witness the 
two departments which he created, numbers one 
and two in this country; the Journal of Experi- 
mental Medicine was inaugurated in accordance 
with a proposal and a plan formulated by Abel; 
he was the actual founder of the American 
Society of Biological Chemists and the Society 
of Pharmacology and Experimental Therapeu- 
tics; he played a leading part in the creation of 
the journals of those two sciences. 

Herter’s researches were far less consecutive, 
designed not so much to advance a recognized 
medical discipline as to help his own under- 
standing of medical problems which excited his 
especial interest. Some of his chemical studies 
now seem to chemists inconsequential but to the 
medical community they were the expression of 
the determination of a far-seeing physician to 
open new paths of approach to obscure areas. 
His most comprehensive work concerned the rela- 
tion of abnormalities of the intestinal flora to 
systemic disorders such as anemia and retardation 
of growth. I cannot find that they now form an 
accepted part of present-day medical teaching. 
I wish his work might be reexamined in the light 
of present knowledge of the formation of vita- 
mins in the intestinal tract. 

In no formal sense was Herter a teacher—cer- 
tainly not a didactic teacher. Listeners to his 
lectures could learn how a restlessly inquiring 
intellect sought approaches to medical problems; 
they could recognize artistic delight, exhibited in 
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the description of successful attacks which great 
investigators have made against medical igno- 
rance; they could thrill with excitement when he 
analyzed the achievements of such masters ag 
Pasteur, Ehrlich and Helmholtz. 

He had little of the organizing talent so con- 
spicuous among Abel’s gifts. Yet the establish- 
ment in 1893 and the subsequent growth of his 
own laboratory was a unique landmark in the 
medicine of New York City—indeed of the 
country. He was one of the most influential of the 
six original trustees who, in 1901, shaped into the 
reality and form of the Rockefeller Institute Mr, 
Rockefeller’s determination that something great 
should be done for medicine; he proposed and 
achieved the establishment of the Rockefeller 
Hospital as a laboratory for the scientific study 
of human disease. He endowed two permanent 
lectureships—one at Hopkins the other at the 
Bellevue School—designed to give medical stu- 
dents the opportunity of acquaintance with the 
personalities of the creative investigators in the 
sciences of medicine. 

Essentially an artist, with the artist’s never- 
ending quest for beauty and perfection, he was 
often intensely dissatisfied with his own efforts 
but was never-failing in sympathetic helpfulness 
to young men and in generous and discriminating 
appreciation of the successes of others. 

Professor Hemmeter, writing about Herter in 
1911, cites Wilhelm Ostwald’s differentiation of 
investigators into two categories. One he called 
classicists, conceived as being persistent, thor- 
ough, penetrating, objective workers who exhaust 
or aim to exhaust their subjects; those words 
seem to me to describe Abel. The other category 
Ostwald called romanticists, men who are quick, 
subjective, less thorough, their minds occupied 
with a multiplicity of problems. They produce and 
formulate ideas; are possessed of great wealth of 
thought and superabundance of conceptions. If 
Herter is to be classified, I would put him into 
this latter group. 

This anniversary marks a milestone in the 
life of a publication which has been a tremendous 
factor in the advance of biochemical science here 
and abroad. We take pride in its quality, the 
soundness of its growth and its present magnitude 
and influence. I am inviting your especial tribute 
to the contrasting but complementary qualities 
of greatness of the two pharmacologists whose 
effort brought the Journal into being and whose 
characters have been projected into it throughout 
the fifty years of its life. 
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DEVELOPMENT OF INTERNATIONAL ORGANIZATION 
OF BIOCHEMISTRY 


ELMER StToTz 


From the University of Rochester School of Medicine and Dentistry, Rochester, New York 


D.. VAN SLYKE, in inviting me to speak on the 
development of international organization of bio- 
chemistry, must have believed that I could draw 
some comparison between the development of 
organized biochemistry at our national level 
with that at the international level. I must 
acknowledge that other members of our Society 
have contributed more directly than I to separate 
phases in the formation of the International 
Union of Biochemistry, but it is true that as past 
Secretary of the Society, Secretary of our Na- 
tional Committee, and as Treasurer of the Inter- 
national Union of Biochemistry, I have been in 
the cross-fire of events during most of the short 
history of the Union. 

In contrast to the annual reunion and coopera- 
tion of biochemists made possible in the United 
States by the formation of this Society 50 years 
ago, the First International Congress of Bio- 
chemistry was held in Cambridge, England, only 
in the summer of 1949, a meeting attended by 
1,741 persons from 42 countries. At the conclud- 
ing session of this Congress, those in attendance 
voted for creation of an International Union of 
Biochemistry, and established an International 
Committee, not only to organize further con- 
gresses, but to approach the International 
Council of Scientific Unions toward admission 
of a Union of Biochemistry. Sir Charles Harington 
was chairman of this Committee, and Dr. John 
Edsall and Dr. Robert Jackson represented the 
United States. At the time there existed an Inter- 
national Union of Pure and Applied Chemistry 
(IUPAC) within the International Council of 
Scientific Unions (ICSU), and it is probable that 
discussions were already under way to establish 
a Section of Biological Chemistry within the 
chemical Union, since already in the Fall of 1949 
such a Section was established. 

The first President of the Biological Chemistry 
Section of the International Union of Pure and 
Applied Chemistry was Professor Tiselius, and 
Dr. John Edsall and Dr. Murray Luck were 


members of the Section Committee. A number of 
places in this committee were left open with the 
expectation that the International Committee of 
Biochemistry constituted at Cambridge would 
nominate the additional members. Nevertheless, 
at a meeting of the International Committee of 
Biochemistry held in Copenhagen in August 
1950, at which meeting this country was repre- 
sented by Dr. A. B. Hastings, the Committee 
reiterated its resolution to make application to 
the International Council of Scientific Unions for 
an independent Union of Biochemistry, and 
framed the first Statutes of such a Union. After 
circulating these Statutes, they were revised for 
presentation to the Executive Committee of the 
International Council of Scientific Unions in 
October 1951 at Washington. During this period, 
there existed mutual understanding and coopera- 
tion between the biochemical groups in the 
International Union of Pure and Applied Chemis- 
try and the International Committee. There were 
members common to both organizations, and 
when in 1951 Sir Charles Dodds assumed the 
Presidency of the Biological Chemistry Section of 
the International Union of Pure and Applied 
Chemistry, it was with the understanding that 
he favored an independent Union of Biochemistry 
and would continue to work for its establishment. 

The result of the Washington meeting was prin- 
cipally a recommendation that there be further 
discussion between the two biochemical groups 
at the Second International Congress of Bio- 
chemistry in Paris in July 1952. The International 
Committee was again invited to nominate five 
members to the Section Committee of the Inter- 
national Union of Pure and Applied Chemistry. 
Thus it seemed desirable to conduct a poll of 
biochemists in this country and in Great Britain, 
seeking their opinions as to whether to continue to 
press for an independent International Union of 
Biochemistry or to join the existing chemical 
Union. Of course it was easier to vote for inde- 
pendence and not to be concerned with the proba- 
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TABLE 1 


INTERNATIONAL COMMITTEE OF BIOCHEMISTRY 
(‘Cambridge Committee’) 
| 
INTERNATIONAL UNION OF BIOCHEMISTRY 
(IUB) 


| 


ADHERING BopIEs 
(National Committee of Biochemistry in U. 8.) 


“ili 
eles. 


Biological Chemistry 
Division of 
American Chemical 
Society 


American Society of 
Biological Chemists 


bility of admission to the International Council 
of Scientific Unions and the technicalities of ad- 
ministration if such admission should occur. Thus 
the representatives of Great Britain and other 
countries, with Dr. Severo Ochoa and the late 
Dr. Erwin Brand representing the United States, 
went to Paris with a positive vote of their coun- 
tries’ biochemists in favor of an independent 
Union of Biochemistry. On the other hand, the 
delegates of our National Research Council, 
which is the ‘adhering body’ of the International 
Union of Pure and Applied Chemistry, attended 
with the NRC resolution that it was ‘opposed to 
formation of separate International Unions 
covering only parts of chemistry”’. 

At the Paris meeting a feeling was expressed 
that biochemists were not always adequately 
represented in their national chemical organiza- 
tions. Once again the International Committee of 
Biochemistry renewed its determination to gain 
entrance to the International Council of Scientific 
Unions as an independent Union. At this time 
Sir Charles Harington retired as chairman of the 
International Committee of Biochemistry, and 
was succeeded by Professor Marcel Florkin of 
Belgium. 

The new application of the International Com- 
mittee of Biochemistry was presented to the 
International Council of Scientific Unions at 
Amsterdam in the Fall of 1952. At this time a 
rather serious obstacle was introduced, namely, 


Unitrep Nations EpucATIONAL, SCIENTIFIC 
AND CULTURAL ORGANIZATION 
(UNESCO) 
| 


INTERNATIONAL CoUNCIL OF SCIENTIFIC UNIONS 
(ICSU) 
| 


INTERNATIONAL UNION OF PURE AND 
APPLIED CHEMISTRY 
i (IUPAC) 
yf | 
rf | 
BIOLOGICAL 
CHEMISTRY 
SECTION | 
ADHERING BopIEs 


(NRC Division of Chemistry and Chemical 
Technology in U. §S.) 


that a biochemical Union had first to be formally 
constituted before application, necessitating 
‘adhering bodies’ in at least 12 countries. Further- 
more, a ‘straw vote’ was taken on the provisional 
acceptance of an International Union of Bio- 
chemistry, and the vote was unfavorable. 

To a less vigorous group than the International 
Committee of Biochemistry this would have been 
a telling blow, but within the ensuing months the 
appropriate adhering bodies were established and 
the International Union of Biochemistry with an 
‘Interim Council’ was established on March 1, 
1953. The International Committee of Biochemis- 
try became the ‘Interim Council’, and Dr. Severo 
Ochoa and Dr. J.S. Fruton were U.S. representa- 
tives in the Interim Council. The adhering body 
in this country to the new Union is the National 
Committee of Biochemistry, appointed jointly by 
our Society and the Biological Chemistry Section 
of the American Chemical Society. The present 
composition of the National Committee is Dr. V. 
du Vigneaud, chairman, Dr. R. H. Barnes, Dr, 
R. D. Coghill, Dr. 8. Gurin, Dr. C. G. King, Dr. 
W. M. Stanley and Dr. E. Stotz. 

Remaining in the formal establishment of the 
new Union was a meeting at which the Statutes 
of the Union could be finally approved, a more 
permanent Council formed and officers elected. 
For this purpose a grant of $3,000 from UNESCO 
to the Interim Council was made, and with the 
aid of our National Science Foundation Dr. 
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Ochoa and I (replacing Dr. Fruton) attended the 
London meeting in early January 1955. At this 
meeting the Statutes were formally adopted by 
representatives from 15 countries, and a Council 
of 20 members and the officers were elected. The 
Council members and officers are indicated in 
table 2. A new application for admission of the 
Union to the International Council of Scientific 
Unions was prepared with the aid of Dr. Ronald 
Fraser, Administrative Secretary of the Inter- 
national Council of Scientific Unions, and with 
the cooperation of representatives of related 
Unions. 

By the time of the second Council and General 
Assembly meeting of the Union in Brussels, on the 
occasion of the Third International Congress of 
Biochemistry in August 1955, five other countries 
had made application for membership in the 
International Union of Biochemistry. These are 
listed in table 3. It was also made known that 
with the particular aid and support of Sir Charles 
Dodds and Dr. Murray Luck, the International 
Union of Pure and Applied Chemistry at its 
Zurich meeting went on record that ‘it would not 
oppose’ entrance of the new International Union 
of Biochemistry into the International Council of 
Scientific Unions. It was further proposed that 
there be a Coordination Committee to prevent 
duplication and establish cooperation between the 
two biochemical organizations. This proposal was 
welcomed by the International Union of Bio- 
chemistry, and the new Coordination Com- 
mittee held a preliminary meeting in Brussels. 
Members from the International Union of Pure 
and Applied Chemistry are Professors Luck, 
Fromageot and Stoll, and from the International 
Union of Biochemistry its officers are Florkin, 
Thompson and Stotz. There is every reason to 
believe that cordial relations and cooperation 
will be continued between the two organizations 
and among the biochemists concerned. 

At the Oslo meeting of the Executive Com- 
mittee of the International Council of Scientific 
Unions, the petition of the International Union of 
Biochemistry was again presented, and this time 
success was achieved. Much credit for this final 
outcome is due to Sir Charles Harington and 
Professor Marcel Florkin for their devoted and 
untiring efforts in reaching the final goal. 

The aims of the International Union of Bio- 
chemistry are simple and broad, namely: a) to 
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TABLE 2, First GENERAL ASSEMBLY AND COUNCIL 
(London, January 1955) 


Great Britain Japan 
Sir Rudolph Peters 8. Akabori’ - 
R.H.S. Thompson Australia 
(Sec.) A. H. Ennor 


Sir Charles Harington Austria 
(Hon. Member) O. Hoffmann-Ostenhof 


France Denmark 
J. E. Courtois K. Linderstrém-Lang 
J. Roche Norway 
USSR R. Nicolaysen 
V. A. Engelhardt Sweden 
A. I. Oparine E. Hammarsten 
Germany Netherlands 
K. Felix H. G. K. Westenbrink 
K. Lohmann Finland 
Use: A. Virtanen 
8. Ochoa Italy 
E. Stotz (Treas.) A. Rossi-Fanelli 
Belgium 


M. Florkin (Pres.) 


encourage the continuance of a series of Inter- 
national Congresses of Biochemistry; 6) to 
promote international coordination of research, 
discussion and publication; c) to organize a per- 
manent cooperation between the societies repre- 
senting biochemistry in the adhering countries; 
and d) to contribute to the advancement of bio- 
chemistry in all its international aspects. 


TABLE 3, SECOND GENERAL ASSEMBLY 
(Brussels, August 1955) 
(Additional member countries admitted) 


Canada Czechoslovakia 
R. J. Rossiter J. Horejsi 
Hungary Poland 
I. Banga J. Heller 
Spain 


D. A. Santos Ruiz 


Toward these ends, the International Union is 
already engaged in plans for the Fourth Inter- 
national Congress of Biochemistry to be held in 
Vienna in 1958, is sponsoring symposia in Japan 
and Russia in 1957 and will establish an Inter- 
national Commission on Enzymes. In its work the 
Union, through its national delegates, is respon- 
sive to our National Committee, which in turn 
represents our two national biochemical groups. 
Biochemistry, not merely a branch of chemistry 
or physiology, has thus reached the same status 
among the scientific disciplines at the interna- 
tional level as that accomplished by this Society 
in our country fifty years ago. 








RESOLUTION OF PAST AND 


PRESENT MEMBERS OF THE 


EDITORIAL BOARD OF THE JOURNAL 
OF BIOLOGICAL CHEMISTRY 


Presented by Donatp D. VAN SLYKE 


0. this twentieth year of service of Rudolph J. 
Anderson as Managing Editor of the Journal of 
Biological Chemistry the assembled past and pres- 
ent members of the Editorial Board feel it fitting to 
express in some degree their feeling of gratitude and 
admiration for the years of devoted service that 
Anderson has rendered to the science of biochemistry. 
He has borne the editorial burden through long 
years while the ever-increasing number of papers 
magnified steadily the labor and responsibility of 
selecting those most entitled to space in the Journal, 
editing them to conform to its standards of clarity 
and condensation, and finally supervising their 
preparation for publication; for the editorial office of 
this Journal has also been the publication office 
where proofs were read, errors corrected, and num- 
berless details handled in a way that has never let 
down the JBC’s technical excellence, even in times 
of the greatest pressure. And, not least of all, the 
management has required skillful handling to 
maintain a balanced budget in the face of increas- 
ing journal size and costs. 

Anderson accepted the Editorship reluctantly, 
under great pressure from members of the Editorial 


Board, at a time when there seemed to be literally 
no other man who would and could assume the 
burden. He knew well that the reward would be 
tolerance from those who were satisfied, less than 
tolerance from those whose demands could no 
always be met. But, having accepted the task, he 
never faltered in seeing it through. 

For the great service that Anderson has done to 
our science, and for the fortitude, fairness, dedica- 
tion and distinction with which that service has been 
accomplished, a Medal of Honor would be a fitting 
reward. In lack of authority to strike an official 
medal, the Members of the Editorial Board who have 
served with him during these twenty years ask him 
to accept, as a token of their admiration and affee- 
tion, a vase with the inscription, “R J A, from his 
Editorial Board, 1936-56.” We hope that it will 
serve as a symbol and souvenir of the place that he 
holds in the hearts of those who have had the honor 
of being his associates, and we wish Rudolph Ander- 
son health and strength to continue his illustrious 
service to the Journal and to science through years 
to come. 


Atlantic City, April seventeenth, 1956 
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AMERICAN 


SOCIETY OF BIOLOGICAL 


CHEMISTS 


‘iftieth Anniversary Symposium: Nueleic Aecids' 


Chairman: HERBERT E. CARTER 





OPENING REMARKS BY THE CHAIRMAN 


7. BEHALF of the American Society of Bio- 
logical Chemists it is my happy responsibility to 
welcome you to this symposium arranged as part 
of the Golden Jubilee program of the Society. 
Almost fifty years ago—December 26, 1906 to be 
exact—a group of 29 chemical biologists met in 
New York City at the instigation of Professor 
John J. Abel to consider the founding of a 
national society of biological chemists. To quote 
from the discussion of Dr. Abel, ‘““We wish to 
draw into our society the biological chemists of 
all departments of biology, including those or- 
ganic and physical chemists who take a lively 
interest in our subject. ...Our common meeting 
ground should be chemistry as applied to animal 
or vegetable structures, living or dead... .” At 
that meeting the Articles of Agreement for the 
“Organization and Provisional Government. of 
the American Society of Biological Chemists” 
were adopted and officers and council were 
elected. Subsequently an additional 52  bio- 
chemists—making a total of 81—were named as 
charter members of the new Society by vote of 
Council. The first and second scientific meetings 
of the Society were held in 1907 (May and 
December respectively) and subsequent meet- 
ings were held annually. At that first meeting in 
Washington a pattern was set which still frus- 
trates the society secretary for, although only 26 
members attended, some 41 papers were read. 


l Atlantic City. April 17, 1956. 
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It is of particular interest to us this morning 
that two of the original charter members of the 
Society were Phoebus A. Levene and Walter 
Jones. The unique contributions of these men to 
studies of the structure of nucleic acids are known 
to all of you and are well reviewed in the books 
which the two men wrote—Nucleic Acids, Their 
Chemical Properties and Physiological Conduct by 
Jones and Nucleic Acids by Levene and Bass. 
These two treatises afford a most interesting 
study of the application of brilliant minds to 
inadequate experimental data in a most difficult 
field. 

At the first meeting of the Society three papers 
on nucleic acid biochemistry were presented— 
one each by P. A. Levene, T. B. Johnson and 
Lafayette B. Mendel. By the fifth meeting in 
1910 the tempo had increased and Jones and 
Levene each contributed two papers. 

Subsequent years have witnessed a tremen- 
dous expansion in both the Society and the field. 
The present membership numbers well over 1100 
and of the 557 papers on the present program of 
the Society almost 10% will deal more or less 
directly with nucleic acid biochemistry. 

I am sure that there were no ‘squeaky genes’ 
in the chromosomal material responsible for this 
sound and vigorous growth. Our program this 
morning, ranging from chemistry to genetics, 
amply testifies to the versatility of our speakers 
and the breadth of the nucleic acid field. 








VIRUS COMPOSITION AND STRUCTURE—25 YEARS AGO AND NOW 


WENDELL M. STANLEY 


From the Virus Laboratory, University of California, Berkeley, California 


Wass I WAS INVITED to participate in this 
Fiftieth Anniversary Symposium and to speak 
on the subject, ““Virus composition and structure 
—25 years ago and now,” I wondered about the 
suggestion that I cover 25 rather than 50 years. 
Viruses were first discovered in 1892 and by 1906 
several representatives of animal, plant and 
human viruses were under study. Yet for over 
25 years about all that was known about viruses 
was that many of them were known to exist as 
agents of disease generally smaller than bacteria 
and that they could grow or multiply and mu- 
tate only within the living cells of specific hosts. 
During this period viruses were generally re- 
garded as being still smaller bacteria and hence 
as living organisms. No virus had been purified, 
concentrated and isolated as such; hence there 
was no information regarding virus composition 
and structure. Therefore, the restriction of this 
discussion to events of the past 25 years will 
cause no difficulty, but will only serve to empha- 
size the striking advances which have been made 
in this field during this time. 

Early in the 1930’s, as a result of the filtration 
experiments of Elford (1) and the work of 
others, evidence was obtained which indicated 
that the sizes of viruses ranged from about 300 
my down to about 15 my. Thus, the largest 
viruses appeared to be larger than certain ac- 
cepted organisms that could be cultivated on 
artificial media whereas the smallest viruses 
appeared to be smaller than certain accepted 
protein molecules, such as those of hemocyanin. 
There resulted a growing unrest and dissatisfac- 
tion with the acceptance of viruses as living 
organisms for it was argued that all of the meta- 
bolic machinery normally associated with a 
living organism could not be packed into a 
volume no larger than a single protein molecule. 
The viruses were soon surrounded with all of the 
elements of a first-class mystery and arguments 
concerning their true nature became numerous 
and quite heated. Some investigators thought 
that because the basic properties of all viruses 
were the same, all viruses must be similar in 


nature; whereas other argued that they differed 
so much in size they should be divided into three 
groups, namely, living organisms, non-living 
chemical molecules and agents representing a 
new kind of life unfamiliar to us. When a crys- 
talline material possessing all of the properties of 
tobacco mosaic virus was isolated in 1935 (2), 
the scientific community, especially that repre- 
sented by medical investigators, was not ready 
to accept the crystalline material as the virus. 
Tobacco mosaic virus was known to be a medium- 
sized virus and the view persisted that such 
viruses had to be living organisms and could not 
be obtained in crystalline form. It was obvious 
that the most important task at that time was to 
get the crystalline material characterized as 
thoroughly as possible and then to secure evi- 
dence that the molecules making up the crystals 
actually did or did not possess virus activity as 
an intrinsic property. The crystalline material 
was proved to be a nucleoprotein consisting of 
94% protein and 6% of ribonucleic acid and 
possessing a molecular weight greater than that 
of any other known protein, namely, 50 million. 
The individual molecules were found to be 15 mu 
in diameter and 300 my in length (3). The char- 
acteristic nucleoprotein could be isolated from 
all kinds of mosaic diseased plants including 
plants whose normal proteins bore no serological 
relationship to each other. It has never been 
found in sources other than mosaic-diseased 
tissues. Destruction of the nucleoprotein by any 
of several physical and chemical procedures has 
always resulted in the loss of virus activity. 
Strains of tobacco mosaic virus have been found 
to consist of nucleoprotein molecules of identical 
size and shape but with different amino acid 
compositions (4). The latter finding represented 
the first information regarding chemical changes 
which may accompany the mutation of a virus. 
Although from time to time there were reports 
such as a) the nucleoprotein could be converted 
to low molecular weight material by solution in 
urea without loss of activity and 6) the nucleo- 
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protein consisted of aggregates of low molecular 
weight ‘virus’ particles, there has been no veri- 
fiable experimental evidence during the ensuing 
20 years which is contrary to the assumption 
that virus activity is an intrinsic property of the 
physical structure 15 by 300 my in size. Never- 
theless that it might eventually prove possible 
partially to degrade the molecule with retention 
of activity was realized for it was stated in 1946 
that “It must be recognized that, as with any 
biologically active material, the possibility al- 
ways exists that at some future time, perhaps 
through some new methods of treatment of virus 
preparations or through new inoculation tech- 
niques, virus activity may be found associated 
with smaller particles” (5). In this connection it 
may be noted that in 1952 Harris and Knight (6) 
reported that about 3000 threonine residues per 
molecule of tobacco mosaic virus could be re- 
moved by carboxypeptidase without diminishing 
the virus activity. However, of the greatest im- 
portance is the recent finding of Fraenkel-Conrat 
(7) that the nucleic acid component of tobacco 
mosaic virus possesses virus activity. Before dis- 
cussing this work I should first like to mention 
the progress which has been made with a variety 
of other viruses. 

Following the isolation of tobacco mosaic virus 
in the form of a crystallizable nucleoprotein, 
about a dozen other plant viruses were isolated 
in the form of characteristic nucleoproteins. 
Some of these, such as tomato bushy stunt, 
tobacco necrosis, cucumber mosaic, turnip yellow 
mosaic and tobacco ringspot, have been obtained 
in crystalline form. A dozen or so animal and 
bacterial viruses have also been obtained in 
highly purified form. All of these purified viruses 
have proved to be at least as complex as a nucleo- 
protein and some appear to have lipid and carbo- 
hydrate as additional components. Some years 
ago Knight (8) found that purified influenza 
virus appeared to have incorporated into the 
virus a normal host component characteristic of 
the host in which the virus was produced. Beard 
and coworkers (9) have recently found a similar 
situation to exist in the case of their purified 
fowl erythromyeloblastic disease virus. However, 
these two examples represent the exceptions from 
the usual finding that the purified viruses are 
quite different from the normal components of 
the host in which they are produced. Although 
many of the smaller viruses have properties which 
are compatible with the idea that they are 
actually nucleoprotein molecules, it should be 
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recognized that some middle-sized viruses, such 
as the bacterial virus T2, and the larger viruses, 
such as vaccinia virus, seem to possess external 
membranes and a degree of internal morphological 
differentiation which make it impossible to con- 
sider them to be molecules in the ordinary sense. 
However, evidence provided by the bacterial 
viruses, by the bacterial transforming principle, 
by the transduction phenomenon and more 
recently by Fraenkel-Conrat’s work on tobacco 
mosaic virus may serve to focus attention once 
again on the unity and basic nature of virus 
activity and to emphasize anew the importance 
of nucleic acid structure. 

Despite the fact that tobacco mosaic virus was 
obtained in crystalline form in 1935, no virus 
affecting man or animals had been crystallized 
until last year. During the ensuing 20 years 
there was a growing tendency to regard animal 
viruses as being fundamentally different from 
plant viruses in spite of growing experimental 
evidence for similarity. It was, therefore, of 
considerable importance when Schwerdt and 
Schaffer (10) of the University of California 
Virus Laboratory announced last year that they 
had obtained MEF-1 human poliovirus in 
crystalline form. Thus the first crystallization of 
a virus affecting man or animals came just 20 
years after the first crystallization of a virus. It 
is also of interest to note that poliovirus was 
found to be a nucleoprotein containing about 
30% of ribonucleic acid. Thus, although all of the 
plant viruses contain ribonucleic acid, the bac- 
terial viruses contain deoxyribonucleic acid and 
the animal viruses may contain one or the other 
or both types of nucleic acid. 

Electron microscopy, the use of radioactive 
tracers and genetic studies involving bacterial 
viruses and their hosts have yielded much valu- 
able information. It is now well known that the 
T2 bacterial virus attaches by its tail to the 
susceptible H. coli cell and that the contents of 
the viral structure enter the bacterial cell while 
the outer membrane of the virus remains out- 
side the cell. The entering material which seems 
to consist largely of deoxyribonucleic acid ap- 
pears to cause the production of more of itself 
in subunit form, which eventually is assembled 
into larger units and covered with protein. When 
the bacterial cell bursts, a hundred or so bacterial 
virus particles may be seen. It is also now well- 
known that infection with two related but 
genetically different viruses can result in a re- 
combination of the genetic factors and, hence, 
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that the viruses appear to contain what may be 
regarded as genes which appear to multiply inde- 
pendently within the bacterial cell. These results 
stimulated similar work with animal viruses and 
within the past few years evidence has been ob- 
tained by Burnet (11) and by Hirst (12) that a 
similar phenomenon takes place during the pro- 
duction of influenza virus. Similar results have 
not yet been produced with the small plant or 
animal viruses but recent developments in our 
laboratory indicate that the genetically im- 
portant component of tobacco mosaic virus is 
probably the nucleic acid rather than the protein 
or the nucleoprotein. 

It was reported by Cohen and Stanley (13) 
in 1942 that freshly isolated tobacco mosaic 
virus nucleic acid was highly asymmetric and 
possessed a molecular weight of the order of 
300,000, then a value by far the largest ever re- 
ported for a ribonucleic acid. This material was 
found to be unstable and to decompose with the 
formation of asymmetric particles of lower 
molecular weight. These authors suggested that 
the nucleic acid molecules, perhaps eight in num- 
ber, were bound individually along the length of 
the virus molecule. However, it was not until 
1955 that Stahmann and Kaesberg (14) and also 
Schramm et al. (15) provided experimental evi- 
dence for localization of the nucleic acid within 
the virus rods. It was found that occasional rods 
of tobacco mosaic virus in frozen and dried 
preparations were fragmented transversely and 
that the fragments appeared to be bridged by 
slender threads. A similar appearance was noted 
following mild alkali treatment. The most defini- 
tive evidence was provided in an electron micro- 
scope study by Hart (16) who found it possible 
to degrade the rod under controlled conditions 
with a detergent. He produced rods of tobacco 
mosaic virus in which a portion of material was 
removed from one end, leaving an axially located 
core about 5 my in diameter. Treatment of this 
preparation with deoxyribonuclease or with 
trypsin caused no change whereas treatment 
with ribonuclease caused the extended core to 
disappear. Hart concluded that the core is 
ribonucleic acid and that it is axially located 
within the virus rod. There was no evidence of 
the core material fraying at the ends into thinner 
fibrils as might be expected of a multistranded 
material. Nevertheless, the size and stiffness of 
the core material is more compatible with a 
multistranded than with a single stranded nucleic 
acid. The exact manner in which the nucleic acid 
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is combined with its protein overcoat is still un- 
known, but there is suggestive evidence that a 
hole about 4 my in diameter exists along the axis 
of the rod and that the phosphate groupings of 
the nucleic acid are located about 4 my from the 
axis (17). If this proves correct, it is obvious that 
there must be an area in which the protein and 
nucleic acid components overlap (see fig. 1). 
Considerable work has been done on the amino 
acid content of several purified virus preparations 
(see table 1). However, no new amino acid or no 
amino acid in what might be considered unusual 
amounts has been encountered and there is, there- 
fore, nothing sufficiently unusual about the amino 
acid content to distinguish the viruses. Perhaps 
it should be noted that the viruses do not contain 
large amounts of basic amino acids and thus they 
differ from the protamines and histones. It was 
found quite early that treatment with alkali (2), 
sodium dodecyl] sulfate (24) or urea (25) caused 
tobacco mosaic virus to break up with the forma- 
tion of protein subunits of low molecular weight. 
Later Schramm (26) noted that under certain 
conditions the protein subunits in alkali-treated 
virus preparations could be caused to aggregate 
into rod shaped but non-infectious particles. Al- 
though the chemical subunit based on the 3,000 
threonine residues released by carboxypeptidase 
treatment and on the cysteine content would be 
about 17,000, a value fairly consistent with 
x-ray evidence, the material possessing the 
ability to aggregate to form rods seems to have a 
molecular weight of about 100,000. Detailed 
structural studies involving analyses for end- 
groups, amino acid content and sequences of the 
amino acids in the chemical subunit of tobacco 
mosaic virus are under way. Although threonine 
is the C-terminal amino acid, the N-terminal end 
appears to be bound in a ring structure. At 
present about 10% of the 145—residue chain of 
the tobacco mosaic virus subunit is known but it 
may be some years before the actual structure is 
determined. It is a matter of interest that Taka- 
hashi and Ishii (27) have isolated an abnormal 
non-virus protein from mosaic-infected plants 
which possesses the ability of aggregating to 
form non-infectious rods similar in appearance to 
those of the virus and of the aggregates formed 
from the virus protein subunits. It is also inter- 
esting to note that partial aggregation of the 
virus protein subunits or of the abnormal protein 
yields products which appear as washers about 
15 my in diameter with a central hole about 4 mp 
in diameter. Many attempts have been made to 
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cross section: B-B’ 


longitudinal 


Fra. 1. Schematic representation of a tentative 
structure for tobacco mosaic virus based upon 
discussions with members of the Virus Laboratory 
and others and upon the following experimental 
evidence. Obviously, there is great over-simplifi- 
cation. 

Evidence exists from both electron microscopy 
and from x-ray analysis (18) to show that the 
center-to-center separation of the rods of TMV 
(tobacco mosaic virus) is 150 A, when the rods are 
packed in either a two-dimensional or three- 
dimensional array. However, recent study (17) of 
the fine structure of the x-ray patterns of crystal- 
line TMV, indicates strongly that the external 
contour of the rods is deeply grooved. This would 
account for the observation from radial distribu- 
tion functions (18a) that the total diameter of 
the rods is as great as 180 A, but that, upon 
intermeshing, screw-wise, the center-to-center 
separation of the rods is only 150 A. There is some 
support for this conclusion from electron micros- 
copy, since it is universally found that the ap- 
parent diameter of single rods is greater than the 
average diameter of several rods packed closely 
side by side. 

The length of the rods has been precisely estab- 
lished by electron microscopy (3) and has been 
found to be 2980 + 10 A. Preparations can be 
made in which over 90% of the TMV particles are 
either of this length or are a small multiple of 
this length (dimers or trimers). 

There exists some discrepancy concerning the 
external contour of the rods. Williams (19) found 
that short sections of the rods have a six-sided 
contour in the form of a hexagon. The x-ray evi- 
dence for 1614 subunits per turn in the intact 
virus makes a hexagonal external contour seem 
unlikely. However, the electron microscopic ob- 
servations were made on very short fragments of 
the rods, and it is possible that distortion of these 
fragments takes place upon drying. 

X-ray studies have demonstrated that the ar- 
rangement of the protein subunits was quite reg- 
ular (18) and in the form of a helix (20). The 
molecular weight of the chemical subunit is be- 
lieved to be about 18,000 (6). The pitch of the 
helix is 23 A, and the arrangement is such there 
must be 3n + 1 subunits in three turns of the 
helix. Although the preliminary determinations 
(20, 21) gave 10 or 12 as the most likely value for n, 
the most recent work with mercury substituted 
TMV yields a value of n = 16 (22). At present, 
then, there appear to be 49 subunits in a length of 
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copolymerize the nucleic acid and protein com- 
ponents of tobacco mosaic virus but significant 
success was not obtained until last year. Fraenkel- 
Conrat and Williams (28) reported that protein 
derived from the virus by careful treatment with 
alkali would combine stoichiometrically with 
ribonucleic acid obtained from the virus by 
careful treatment with sodium dodecy] sulfate to 
yield nucleoprotein rods containing about 6% 
nucleic acid and 94% protein and possessing 
virus activity. There is evidence that the nucleic 
acid in the reconstituted virus rods is located 
along the central axis as in the normal virus rod. 





69 A along the rod. The best fit with the chemical 
data, and with the molecular weight of the particle 
(23), is obtained by assuming that each erystallo- 
graphic subunit is also a chemical subunit. 

The localization of the RNA (ribonucleic acid) 
in the virus rods has been secured by both electron 
microscopy and by determination of electron 
radial distribution functions. The electron micro- 
scopic results have been obtained by photograph- 
ing particles whose ends have been partially 
dissolved by treatment with sodium dodecyl sul- 
fate (16). After such treatment a rather well- 
integrated core, of about 40 A diameter, is seen to 
protrude along the axis of the residual virus par- 
ticle, and this core is removable with RNase. The 
localization of the RNA has recently been deter- 
mined by comparing the radial distribution of 
electron density of native TMV with that of the 
polymerized protein fraction (18a). The difference 
in the two distributions presumably locates the 
x-ray scattering electrons in the RNA. These 
x-ray results indicate that the RNA, presumably 
the phosphate groups, is localized some 40 A from 
the axis of the rod at a distance about half way 
between the axis and the mean outer surfaces. 
Such a localization demands that there be some 
protein between the RNA and the axis of the rod. 
This makes reconstitution of the nucleoprotein 
appear quite difficult unless it is assumed that the 
protein. units entering into the reconstitution are 
so shaped that the RNA can be embedded within 
a crevice or chink in the protein units (22). There 
is no discrepancy between the electron microscopic 
and the x-ray results as to the localization of the 
RNA. 

The x-ray results (18a) indicate that the virus 
rod has a hole along its axis of radius about 20 A. 
There is no evidence from electron microscopy 
bearing on this except for the fact that washer- 
like structures are seen when the virus protein is 
partially polymerized in the absence of nucleic 
acid. 

The electron microscopic evidence of the rather 
large, stiff core of RNA, with no sign of an ex- 
tended uncoiling (which a single strand might do), 
rather suggests that a multistranded model is 
possible. The answer would be clearer if the 
electron microscope pictures would show evi- 
dence of fraying of the core into multistrands. 
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TABLE 1. AMINO ACID CONTENT OF SOME HIGHLY 
PURIFIED PREPARATIONS OF VIRUSES AND 
RELATED MATERIALS 









































| Virus 
| aig 
: YE Ee ee Pee 
Constituent e\s| r~ieitisiz 

G/Olal|elalAl|2aia 

Grams amino acid residue/100 gm virus 
Alanine s.1| 4.9| 6.0 | 3.4 2.0/2.1] | 2.5 
Arginine 8.8| 8.3| 5.7 | 2.8] 4.5] 3.6) 3.5] 6.2 
Aspartic acid 11.7|11.3| 8.9 | 4.4] 6.4] 6.4] 5.4] 9.5 
Cysteine 0.6| 0.0) 0.6; 
Cystine 0.0) 0.0} ¢ | 5.4 
Glutamic acid 9.9] 5.7| 4.4 | 4.1] 6.8] 5.5] 5.4/10.2 
Glycine§ 1.4] 1.1] 3.7 | 3.3] 1.9] 2.2] 1.4] 2.4 
Histidine 0.0| 0.0 1.1 | 0.7] 1.2] 1.3] 0.7] 1.7 
Isoleucine 5.7| 4.0] 5.8 | 1.8] 3.5] 3.6] 2.8) 3.6 
Leucine 8.0] 8.1] 9.2 | 3.7] 4.6] 4.7] 3.7) 6.3 
Lysine oa 2.1| 3.7 | 2.4] 3.2] 4.1] 2.2] 6.2 
Methionine | 0.0] 0.0] 1.8 | 0.7) 2.0) 1.9] 1.0} 1.9 
Phenylalanine | 7.5] 8.7| 4.2 | 1.4] 3.3] 3.0) 3.2) 4.1 
Proline | 4.9] 4.8] 2.4 | 1.5] 2.2/ 2.3] 2.4) 4.6 
Serine | 6.0] 7.8] 5.1 | 1.1] 1.8] 1.8] 1.7] 3.3 
Threonine 8.4| 5.9] 8.1 | 2.0] 3.1] 3.4) 3.2] 4.4 
Tryptophan 1.9] 0.5) 0.5 1.0| 0.6| 0.6) 0.9 
Tyrosine 3.4] 3.3] 4.1 | 1.6] 2.8] 1.9 2.0) 5.3 
Valine | 7.8) 7.5|10.3 | 2.4] 2.9] 2.7] 2.7! 4.6 

| 
Total do 85.6 |37.3/53.2/51.1/41.9/83.1 
Percent nucleic acid | 6 6 |17 s0 § |5 9 














* Abbreviations stand for the following: TMV, tobacco 
mosaic virus; CV4, cucumber virus 4; BSV, tomato bushy stunt 
virus; T3, T3 bacteriophage; PR8, strain of influenza A virus; 
Lee, strain of influenza B virus; NAP, normal allantoic particles; 
SPV, Shope papilloma virus. 

+ BS gives + nitroprusside test for S and hence cysteine as- 
sumed present; the above amount was calculated from total 
S-methionine sulfur. A recent determination of cysteine (Fraen- 
kel-Conrat, personal communication) gave a value of 0.8 percent 
cysteine residues. 

t Blank areas indicate that no analysis has been made for 
that constituent. 

§ Glycine values were not corrected for possible contributions 
arising from the decomposition of purines during hydrolysis of 
the viruses. However, this is probably negligible in all except 
BSV and T3. 

Table from C. A. Kniaut. Advances in Virus Research, New 
York: Academic Press, vol. IT, 1954. 


The material in the reconstituted preparation is 
heterodisperse in length, with most of the rods 
being less than 300 my in length, some being 300 
my in length and a few being longer. However, a 
high degree of correlation between the presence 
of rods of length > 300 my and the infectivity 
has been noted. 

Recently Fraenkel-Conrat (7) has prepared 
what might be called a hybrid virus by combin- 
ing the nucleic acid derived from the ribgrass 
strain of tobacco mosaic virus with the protein 
from the ordinary strain of tobacco mosaic virus. 
Although no structural differences have as yet 
been found between the nucleic acids derived 
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from these two strains, the protein components 
do differ since the ribgrass virus protein contains 
methionine and histidine, amino acids which do 
not occur in the ordinary strain of tobacco 
mosaic virus. The two strains also differ im- 
munologically and, when the reconstituted 
hybrid virus was treated with antiserum to 
tobacco mosaic virus, its infectivity was largely 
neutralized whereas antiserum to the ribgrasgs 
strain caused little or no reduction in infectivity. 
The disease produced on inoculation of Turkish 
tobacco plants with the hybrid virus was that 
characteristic of the ribgrass strain. Thus, the 
reconstituted hybrid virus resembled the ordinary 
strain in its immunological properties but the rib- 
grass strain in its disease-producing capacity. The 
progeny virus produced on inoculation of the 
hybrid was found to contain methionine and 
histidine like the ribgrass virus protein from 
which the nucleic acid of the inoculum was de- 
rived and unlike the protein overcoat of the in- 
fecting virus particles. These results demon- 
strate that the ribonucleic acid core of the virus 
carries the genetic message. 

The importance of the nucleic acid is also 
indicated by recent work of Hart and Smith 
(29) who have combined tobacco mosaic virus 
protein subunits with various kinds of nucleic 
acids including the synthetic polynucleotides 
about which you will hear later on this morning. 
Although different kinds of nucleic acids includ- 
ing several synthetic polynucleotides combined 
with tobacco mosaic virus protein to yield the 
characteristic rod-like structures 15 mp in 
diameter, these were not found to possess virus 
activity on any plants so far tested. Whether or 
not they will reproduce in some as yet untested 
cell is, of course, not known. They could repre- 
sent a virus in search of a host. 

Further evidence regarding the importance of 
the nucleic acid was obtained recently when it 
was found that certain preparations of virus 
nucleic acid carried a residual infectivity which 
differed in its stability from that characteristic 
of the regular rod of tobacco mosaic virus. This 
residual infectivity was found only in very fresh 
preparations and disappeared irreversibly when 
the preparations were permitted to stand at 
room temperature or were subjected to the action 
of ribonuclease. It has been concluded that this 
virus activity is a property of the nucleic acid 
itself and that the role of the protein is that of 4 
stabilizer which also determines the immuno- 
logical properties and perhaps, to a large extent, 
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the host specificity of the virus. It would appear, 
therefore, that except for the separation of the 
protein overcoat outside the cell in the case of 
the bacterial viruses, the process of infection and 
reproduction of the plant viruses may be similar 
to that of the bacterial viruses and that, in view 
of the many distinct strains of tobacco mosaic 
virus, one should anticipate genetic recombina- 
tion within such strains. Needless to say, the 
groundwork which has been laid in the chemical 
studies on tobacco mosaic virus and its strains 
which has provided knowledge such as the fact 
that methionine and histidine occur in one strain 
and are absent in another strain should prove of 
the greatest value in such studies. 

The discovery that several hundred bits of a 
special protein of molecular weight of the order 
of 100,000 can be caused to assemble around, say, 
12-16 strands of ribonucleic acid with the forma- 
tion of a very regular structure 15 my in diameter 
and 100 to 300 my in length, and that some of 
these structures then possess the ability to bring 
about their reproduction within certain living 
cells is most important. Equally important is the 
discovery that the ribonucleic acid appears to 
carry the genetic message and that apparently, 
under certain conditions, the ribonucleic acid can 
cause infection without its protein overcoat. Al- 
though work on the elucidation of the protein 
structure characteristic of certain viruses should 
proceed because of the potential value in connec- 
tion with the production of polypeptide antigens 
for prophylactic vaccines, it is obvious that the 
really important problem is posed by the struc- 
tural characteristics of the nucleic acids. It would 
appear that a ribonucleic acid can direct the 
course of intracellular events that result not only 
in its own replication but also the production of a 
characteristic protein with which it eventually 
combines for its own preservation. The fact that 
a great array of viruses and virus strains are 
known and that many of these have been ob- 
tained in a highly purified form is extremely 
fortunate for these provide a source for a great 
variety of genetically distinct materials from 
which essentially pure nucleic acids may be ob- 
tained. The elucidation of the nature of the 
structural differences that exist between these 
different nucleic acids that are responsible for 
their different biological activities is one of the 
most important problems facing _ scientists 
today. 

The great development of tissue or cell culture 
techniques and special activity with the polio- 
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viruses and with certain neurotropic and respira- 
tory viruses during the past few years has re- 
sulted in the discovery of dozens, if not hundreds, 
of new viruses, most of which are still unrelated 
to recognized diseases. One cannot help but 
wonder, in view of the known properties of the 
bacterial viruses, this recent work wth tobacco 
mosaic virus and the known plasticity of viruses 
generally, how many different nucleoproteins or 
more probably nucleic acids may be replicating 
within our cells at rates varying from 1 to a 100 
or more per cell division and with varying de- 
grees of intimacy with the genetic apparatus of 
the cell. It may prove necessary to revise the 
generally accepted definition of a virus as an 
infectious agent to include situations in which a 
replicating structure does not appear infectious 
because normally it never leaves the cell and is 
duplicated only once during each cell division. 
Such a nucleoprotein or nucleic acid might at 
times appear to be a part of the chromosomal 
material of the cell but be subject to chemical or 
physical stimulation or shock which could cause 
it to mutate, separate and act as an independent 
functional unit with the further possibility of a 
great increase in the rate of replication. The re- 
quirement that a replicating structure, if it is to 
be regarded as a virus, must have at one time 
entered the cell from without, that is to say, it 
is not actually a part of ‘self,’ still seems to be a 
reasonable one if we are to avoid utter confusion. 
However, we may have acquired some of the 
nucleoproteins or nucleic acids replicating in our 
cells years or even generations ago and it could 
prove rather difficult to demonstrate experi- 
mentally an event that might have occurred 
generations ago. Here the question of ‘self’ or 
‘not self’ as well as that of ‘essentiality’ may be- 
come of importance. Certainly the research op- 
portunities which are provided by the viruses, by 
virtue of their ability to enter a living cell, to 
partake and actually largely to direct the 
metabolism of the cell, following which they can 
be separated and studied once again are indeed 
quite wonderful. Twenty-five years have seen the 
viruses rise from the unknown to provide us with 
perhaps the most powerful weapon now known 
to probe that abnormality called cancer and 
that greatest of all mysteries, life itself. 
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PROGRESS IN DEVELOPING CHEMICAL CONCEPTS OF 
GENETIC PHENOMENA 


N. H. Horowrtz 


From the Kerckhoff Laboratories of Biology, California Institute of Technology, 
Pasadena, California 


cs YEARS AGO, when the birthday whose an- 
niversary we are celebrating occurred, the science 
of genetics was also in its infancy, and its future 
was by no means assured. The concept of the 
gene as a material particle was not yet developed 
—in fact, the word ‘gene’ had not been invented 
—and to some biologists the Mendelian preoc- 
cupation with ratios seemed like a form of numer- 
ology. In that year, T. H. Morgan himself wrote 
an article which was highly critical of the Men- 
delian position. Yet within three years Morgan 
was to begin the experiments which not only con- 
firmed the essential principles of Mendelism, 
but elucidated the mechanism of their operation 
and led to the recognition of the chromosomes as 
the chief bearers of heredity in plants and animals. 
Today, we regard Mendelian genetics as fur- 
nishing not only an adequate account of the facts 
of inheritance, but also of evolution. Genetics 


thus forms the theoretical backbone of modern 
biology. 

Properties of Genes. An essential feature of 
Mendelian genetics is its particulate nature. 
The particulate character of the genetic material 
is shown in breeding experiments, which reveal 
that the sexual process is simply an elaborate 
lottery, the primary function of which is to pro- 
duce new random combinations of the genetic 
particles. In addition, these experiments reveal 
two fundamental properties of the genes: 7) they 
are self-reproducing and 2) they are mutable. 
By ‘self-reproducing’ we mean that genes arise 
only from pre-existing genes. In other words, the 
gene has some essential function to perform in the 
production of more genes like itself. This property 
is not unfamiliar to biochemists. Trypsin is self- 
reproducing in the presence of trypsinogen, and 
so is acetic acid in the presence of ethy] acetate. 





ml 


rol 





ysics 


R. i 
1. 
Bio- 


"tence 


1947. 
nt. 40: 


IAMS. 


nodern 


ture of 
nature. 
1aterial 
reveal 
rborate 
to pro- 
genetic 
- reveal 
1) they 
\utable. 
es arise 
rds, the 
n in the 
roperty 
: is self- 
en, and 
acetate. 





July 1956 


There is a real difference between gene reproduc- 
tion and the reproduction of trypsin and acetic 
acid, however. Genes occasionally undergo 
changes, or mutations, which are recognized by 
their biological effects. When the mutated gene 
reproduces, it reproduces the mutant type. 
Nothing like this is known in simple chemical 
systems, and, indeed, this must be a rare property 
in nature, because a substance which is self- 
reproducing and mutable comes close to being 
alive. 

Another important characteristic of the genes 
is demonstrated in experiments in which they are 
induced to mutate by treatment with ionizing 
radiations. It is found that the yield of mutations 
is proportional to the number of ionizations per 
unit volume of tissue, and, further, that there is 
apparently no threshold level of ionization below 
which mutations are not induced. This means 
that a single ionization is sufficient to induce a 
mutation, and it suggests that the gene is a single 
molecule. Unlike ordinary chemical systems, the 
living cell thus appears to depend on the integrity 
of individual molecules. When one compares the 
magnitude of a single ionization with the magni- 
tude of the effect produced—i.e. death or perma- 
nent alteration of all the descendants of the 
mutated cell—it becomes evident that damage 
done to the genic material is amplified to an ex- 
traordinary degree. This result suggests that the 
role of the gene is a catalytic one, but in order to 
explain the immense amplification, it is necessary 
to assume that the gene functions, not as an 
ordinary enzyme, but as a catalyst for the produc- 
tion of enzymes. 

Biochemical Role of Genes. This notion goes 
back at least to 1917 (1), but techniques for 
exploring it have been available only in recent 
years. Modern studies on the biochemical effects 
of mutations support the view that the genes 
have a role in enzyme systhesis. In the last fifteen 
years, hundreds of mutations have been re- 
corded—chiefly, but not entirely, in microor- 
ganisms—the effect of which is to produce 
specific biochemical lesions in the organism. These 
lesions result from the abolition of normal chem- 
ical reactions in the cell. They are usually ex- 
pressed by the acquisition of a nutritional re- 
quirement, or by the abnormal accumulation of 
some metabolite. In a number of cases it has been 
shown by direct methods that the metabolic 
block is accompanied by a deficiency of the cor- 
responding enzyme (table 1). The presence of an 
orthodox chromosomal system of inheritance in 
Neurospora makes it possible to state that the 


CHEMICAL CONCEPTS OF GENETIC PHENOMENA 


819 


TaBLe 1. PARTIAL LIST OF MUTATION-INDUCED 
ENZYMATIC DEFICIENCIES 


inzyme Authors 


Neurospora 
Argininosuccinate split- Fincham & Boylen}(2) 
ting enzyme 
Cystathionases I and II Fischer (3) 
Cytochromes a and ¢ Tissieres & 
(4) 

Dihydroxy acid dehydrase Myers & Adelberg (5) 
Glutamic dehydrogenase Fincham (6) 

Nitrate reductase Silver & McElroy (7) 
Tryptophane desmolase Mitchell & Lein (8) 


Mitchell 


(synthetase) 
E. coli 
Acetylornithine Vogel (9) 
deacetylase 
5-Dehydroshikimic Davis (10) 
reductase 
5-Dehydroquinase Davis (10) 
Diaminopimelic Dewey & Work (11) 


decarboxylase 
Pantothenate synthe- 

sizing enzyme 
Transaminase B 


Maas & Davis (12) 


Rudman & Meister 


(13) 


enzymatic deficiencies result from mutations of 
chromosomal genes in this organism, but there 
is little doubt that the bacterial mutations are 
fundamentally similar to those of Neurospora. 
It should be noted that the cytochrome system of 
Neurospora is also under the control of a self- 
duplicating cytoplasmic agent (14; see also 15). 
The evidence of biochemical genetics thus con- 
firms the idea that the genes function in the pro- 
duction of enzymes. Furthermore, there is a 
strong indication that the role of the genes may 
be a direct one, since in the majority of mutants 
the total effect of the mutation can be accounted 
for by the loss of a single biochemical reaction 
(16, 17). In other words, it appears that each 
gene functions in the synthesis of only one en- 
zyme. This conclusion is contrary to the belief, 
based on morphological studies, that single gene 
mutations would be found to produce multiple 
biochemical lesions. The evidence is all the more 
impressive in the apparently exceptional cases 
where the mutation results in the acquisition of 
two or more nutritional requirements simultane- 
ously. It is commonly found in these cases that 
the multiple requirement actually stems from the 
loss of a single reaction or enzyme (5, 13, 18-20). 
In attempting to assess the meaning of this 
simple relationship between mutations and 
enzymes, it is difficult to escape the conclusion 
that a structural correspondence of some kind 
exists between the gene and the enzyme it 
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TABLE 2. MUTATION-INDUCED QUALITATIVE ALTER- 
ATIONS OF PROTEINS 


Protein Organism Property Authors 
Hemoglobin Man Electrophoretic Pauling etal. (21) 
mobility 
B-Lactoglobu- Cattle Electrophoretic Aschaffenburg & 
lin mobility Drewry (22) 
Pantothenate  E. coli Thermostabil- Maas & Davis 
synthesizing ity (12) 
enzyme 
Tyrosinase Neuro- Thermostabil- Horowitz «& 
spora ity Fling (23) 


controls. The structure, or some specific feature 
of the structure, of the gene is represented in the 
structure of the enzyme. This much seems to be 
required by logical necessity. What follows is 
merely a guess. The guess is that the gene carries 
information relating to the composition of the 
protein molecule. More specifically, it carries 
instructions regarding the ordering of the amino 
acids. This is the current form of the template 
theory of gene action. The role it assigns to the 
gene is an appropriate one, since it seems evident 
in any case that the synthesis of specific protein 
molecules requires a model or a set of instructions 
which is characteristic for the species, which is 
automatically transmitted from generation to 
generation, and which is constant, yet capable of 
evolutionary change. The only cellular compo- 
nents which are known to fulfill these conditions 
are the genes. 

Structural Mutations of Proteins. If this 
theory is correct, then it should be possible to 
obtain mutations that result not merely in quan- 
titative changes in enzyme activity, but also in 
qualitative changes in enzyme structure. These 
should be detectable as alterations in measurable 
properties of the enzyme. Besides being a neces- 
sary consequence of the template theory, such 
modifications could provide its strongest con- 
firmation. 

The search for such examples is just begin- 
ning. I know of only four cases in which it can be 
safely concluded that a soluble protein has been 
genetically modified (table 2). In two of these 
cases (hemoglobin and tyrosinase) it has been 
shown that a single gene is involved, and this is 
likely in a third (lactoglobulin). In regard to the 
Neurospora enzyme, we have been interested in 
finding out whether or not other properties of the 
enzyme are altered along with its thermostability. 
A number of functional characteristics of the two 
forms of the enzyme have therefore been meas- 
ured, including Michaelis constants for two sub- 
strates and relative turnover rates. No differences 
have been found, except in the related property 
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TS-TL Heterocaryon 


Fig. 1. The heterocaryon is formed by fusion 
of hyphae from two genetically pure (homocary- 
otic) strains. It can be resolved into the constituent 
homocaryotic strains by cutting off hyphal tips 
(dotted lines), some of which contain only one kind 
of nucleus. Within the heterocaryon, the nuclei 
share a common cytoplasm. Diagrammatic. 


of activation energy of thermal inactivation (24). 
These findings indicate that genetic control of 
enzyme structure may be exceedingly fine- 
grained, permitting the separate alteration of 
individual features of the structure. 

The discovery of the existence of structural 
mutations is certainly gratifying, but it should 
be pointed out that modification of a single 
property of a protein molecule is not a sufficient 
test of the template hypothesis. If the hypothesis 
is correct, all of the specific properties of the 
protein should be susceptible of genetic altera- 
tion. It should be possible to produce a series of 
structurally modified proteins by different muta- 
tions of the same gene. This has not yet been 
accomplished. 

In the meantime, further study of the existing 
cases may throw light on the mechanism of gene 
action. Recently, we have used the inherited 
thermostability difference in Neurospora tyrosi- 
nase in an experiment designed to test whether 
synthesis of the enzyme is mediated by self- 
reproducing cytoplasmic particles. A hetero- 
caryon was constituted, some of whose nuclei 
carried the gene for thermostability of the en- 
zyme, and some its allele for thermolability 
(fig. 1). The heterocaryon produces both forms of 
the enzyme. The heterocaryon was resolved by 
cutting off the tips of the hyphae; occasionally, 
such a hyphal tip is homocaryotic, although its 
cytoplasm is continuous with that of the rest of 
the culture. Cultures were established from these 
isolates and the thermostability of their tyro- 
sinase determined. In all cases examined so far, 
the homocaryotic cultures produce one kind of 
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tyrosinase, and this in accordance with the 
genetic constitution of the nucleus (25). This 
experiment has thus failed to detect the presence 
of a self-duplicating cytoplasmic agent. 

Chemical Nature of Genes. We thus have 
three basic genetic phenomena which require 
interpretation in chemical terms: gene reproduc- 
tion, gene mutation and gene action. The solu- 
tions of these problems will depend ultimately on 
knowledge of the chemical nature of the genes. 
What do we know about the structure of genes? 

Since DNA (desoxypentosenucleic acid) is a 
prominent constituent of chromosomes and is 
rarely found outside the nucleus, it has for a 
long time had a conspicuous place in specula- 
tions on the chemical structure of the genetic 
material. A direct test of the idea that the genes 
contain DNA—that is, by direct isolation and 
identification—has never been carried out in any 
animal or higher plant, because there is no known 
test which would enable one to recognize the 
gene once it has been removed from the cell. The 
contrivance of such a test is a challenging prob- 
lem whose solution would have consequences far 
beyond that of this immediate problem, since it 
would enable us to compare the genetic constitu- 
tions of cells which cannot be subjected to the 
usual kind of genetic analysis. For example, the 
genes of liver tissue could be compared with 
those of brain, or those of normal cells with 
malignant ones. 

The closest one has come to a direct chemical 
analysis of the genetic material of higher or- 
ganisms is by study of the action spectrum of 
mutation. A careful analysis of the effectiveness 
of nine different wavelengths in the ultraviolet in 
causing mutations in corn has been made by 
Stadler and Uber (26). It was found that the 
action spectrum parallels the absorption spec- 
trum of nucleic acid in the tested region. 

The situation is different in the microorganisms. 
In the case of certain bacteria and viruses it has 
been possible to obtain direct evidence of the 
nature of the genetic material. Thus, it has been 
known for some time that material with gene- 
like properties can be extracted from heat-killed 
cells of pneumococcus. This material has the 
property of conferring upon living pneumococci 
the specific heritable characteristics of the strain 
from which it was derived. Among the charac- 
ters which have been transferred in this way are 
serological type specificity, drug resistance, and 
the ability to synthesize specific enzymes (27). 
These transformations are permanent. The trans- 
formed cells multiply indefinitely as of the new 
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type, and they produce transforming agents of 
the same kind as were used to transform them. 
The transforming agents are thus self-duplicat- 
ing. That they are also mutable is indicated by 
the parallelism which exists between mutant 
strains of pneumococcus and the transforming 
principles which they produce. 

Chemically, the transforming principle con- 
sists of DNA (28). Attempts to demonstrate the 
presence of proteins in purified preparations 
have not succeeded. The same thing is true of the 
transforming agents which have more recently 
been found in the unrelated bacterial species, 
Hemophilis influenzae (29). 

Besides these two bacterial species, chemical 
identification has been made of the genetic ma- 
terial of two viruses—coliphage T2 and tobacco 
mosaic virus (TMV). Other speakers on this 
symposium will discuss the elegant chemical in- 
vestigations which have been carried out on these 
forms. I will merely state the genetically interest- 
ing conclusion—which is that of the two major 
components that make up these viruses, protein 
and nucleic acid, the nucleic acid is the genetically 
active part—DNA in the bacteriophage, RNA in 
the tobacco mosaic virus (30, 31). 

All the available evidence thus points toward 
nucleic acid, not nucleoprotein, as the ultimate 
genetic material. Much interest therefore attaches 
to the structure proposed three years ago for 
DNA by Watson and Crick (32). This structure 
not only accounts for the crystallographic and 
analytical data on which it was based, but it also 
seems capable of accounting for the genic proper- 
ties of self-replication, mutation, and specific 
biological action. In fact, the self-duplication and 
mutation features follow so naturally from the 
proposed structure that they would have been 
predicted as properties of the molecule even 
without prior knowledge of the genetic role of 
DNA. Because of this, it will be surprising if the 
complementary two-stranded aspect, which gives 
the model its peculiar biological interest (33), is 
not supported by future investigations. With 
respect to the third genic property—specific 
biological activity—we are on less certain ground. 
The specificity of the Watson and Crick struc- 
ture rests on the sequence of nucleotides, sug- 
gesting that the genetic information is coded on a 
linear tape in an alphabet of four symbols. The 
difficulty is that no mechanism is known at the 
present time for translating instructions from 
this alphabet into the alphabet of twenty-odd 
symbols which characterizes the proteins. The 
adequacy of this model as a description of the 
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gene rests to a large degree on the question of 
whether future work will disclose such a mecha- 
nism. In the meantime, the model provides for 
the first time a definite working hypothesis of 
gene structure which is already influencing the 
interpretation of genetic experiments. 

There is, however, a puzzling feature about the 
present situation. The experiments of Fraenkel- 
Conrat (31) on tobacco mosaic virus clearly show 
that RNA is capable of performing a genetic 
function. Now it is well known that pentose 
nucleic acids occur in the cytoplasm of plant and 
animal cells, especially in the microsomes, and 
one might therefore expect to find a genetics of 
RNA in the cytoplasm comparable to that of 
DNA in the nucleus. This is precisely what is not 
found. Genetic experimentation with animals 
has consistently failed to reveal an extra-chromo- 
somal hereditary mechanism other than that 
which is occasionally introduced into the cell by 
virus infection. In plants, a system of cytoplasmic 
inheritance does exist, but this system is of minor 
significance compared to the chromosomal 
mechanism. Unless there is a systematic error of 
some kind which prevents the detection of cyto- 
plasmic inheritance in genetic experiments, these 
results imply the existence of two kinds of RNA. 
One kind, found in the plant viruses, is self-dupli- 
cating and mutable; the other kind, found gener- 
ally in the cytoplasm, is genetically inactive. I 
know of no chemical distinction between RNA’s 
from these different sources, but conceivably one 
exists. It is possible, for example, that the genetic 
form of RNA is a straight-chain molecule, like 
DNA, whereas the non-genetic form is branched. 

By way of conclusion, one can say that real 
progress has been made in the chemical interpre- 
tation of genetic phenomena—much more than 
most of us thought possible even 15 years ago. 
The solution of one problem always raises an- 
other, however, and I have indicated some of the 
problems which are now bothering biochemical 
geneticists. What the solution of these problems 
will be, I do not know, but of one thing I am 
fairly certain: when the next semi-centennial of 
our Society comes around they will have ceased 
to trouble us. 
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CHEMICAL PATHWAYS OF NUCLEIC ACID BIOSYNTHESIS’ 


GroRGE BoswortH Brown 


From the Sloan-Kettering Division of Cornell University Medical College, New York City 


ae HIsTORY of definitive information on 
pathways of nucleic acid biosynthesis covers 
barely a decade. Although 80 years ago Miescher 
(1) recognized that his ‘nucleinstoffe’ could arise 
from other cellular components, information on 
specific metabolic pathways leading to the poly- 
nucleotides began to be obtained only with the 
advent of isotope techniques. Progress has been 
so rapid since then that even an outline of the 
last ten years’ accumulation of facts is not 
feasible, but I would like to mention a couple of 
the developments in the area of purine metabolism 
which are now in the process of evolution. 
Schoenheimer, with Barnes (2), initially studied 
the incorporation of isotopic NH3, and from the 
laboratories of Buchanan (3) and of Greenberg 
(4), we have, in recent years, acquired a good 
picture of the manner by which purine deriva- 
tives are assembled from small precursors. A 
fairly complete picture of the origin of pyrimidine 
derivatives is also emerging. The largest single 
unit entering into the biosynthesis of a purine is 
glycine. This is coupled with an aminoribose- 
phosphate at an early stage, and the remaining 
atoms necessary to complete the purine ring are 
then added. Thus the first complete purine 
derivative which results is a purine nucleotide. 
There is no evidence of the direct formation of 
any free purines. However, despite the fact that 
they are not intermediates on the pathways of 
biosynthesis of nucleotides, mechanisms do exist 
for the incorporation of exogenously supplied 
bases. Schoenheimer, with Plentl (5), had first 
investigated this possibility, but they had the 
misfortune to select three bases which were not 
utilized by the rat to an appreciable degree, and, 
unfortunately, drew the broad conclusion that 


1 These studies have had the support of the 
National Cancer Institute of the Public Health 
Service (Grant C-471), the Atomic Energy Com- 
mission, Contract AT(30-1)910, the Nutrition 
Foundation, Inc., and the American Cancer So- 
ciety, on recommendation of the Committee on 
Growth of the National Research Council, (MET- 
27). 
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administered purines and pyrimidines could not 
be utilized for anabolic purposes. Three years 
later it was found in our laboratory (6) that 
adenine was readily utilized by the rat. 

Figure 1 is a very simplified outline of our 
present conception of the pathways leading to 
purines of nucleic acids. The first purine deriva- 
tive which arises in the synthesis de novo, the 
‘common intermediate’, is a purine nucleotide. 
We also know that administered purines are 
initially converted into nucleotide derivatives, 
represented by ‘active adenine’ and ‘active 
guanine’ in the figure. This scheme shows that 
adenine derivatives can be converted into 
guanine derivatives and vice versa. It indicates, 
too, that guanine can be utilized, which is true 
for many species. The facility with which either 
purine can be utilized and converted into the 
other varies greatly in different species. Recently 
a guanine-less mutant of Aerobacter aerogenes (7) 
was shown to be blocked in the synthesis de novo 
of the ‘active guanine’ derivatives, but it was 
still able to convert exogenously supplied guanine 
into polynucleotide adenine (8). This furnished a 
direct demonstration of the long-suspected 
existence of some pathway for the interconversion 
of purines which involves something more than a 
simple reversal of reactions leading from the 
common intermediate. That pathway is implied 
by the vertical broken arrows. This intercon- 
version of adenine and guanine derivatives in- 
volves the appearance of a functional group in 
lieu of a hydrogen on position-2 and vice versa 
(fig. 2). 

We have recently been interested in the 
chemistry and biology of purine, the unsubsti- 
tuted parent ring. A riboside of purine (9-8-d- 
ribofuranosylpurine (9), Nebularin (10)) has 
been found in a mushroom (10), and studies of 
the metabolism of this riboside by M. P. Gordon 
(11) have shown that, in the rat, this compound 
can also be transformed into polynucleotide 
adenine and guanine. That transformation is the 
only example of the appearance of a functional 
group in lieu of a hydrogen on the position-6 of a 
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Fig. 1. Metabolic pathways of purine deriva- 
tives arising from synthesis de novo, of exogenous 
purines, and of the interconversions of the purines. 
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Fig. 2. Transformations occurring at the 2- and 
6-positions of purines. 


purine ring. Unless one is to postulate a totally 
independent origin in the mushroom, it is to be 
assumed that its biosynthesis from one of the 
more usual purine derivatives must involve the 
replacement of a functional group in position-6 by 
a hydrogen. The details of the mechanisms of the 
introduction and removal of such substituents 
are only beginning to be revealed. Xanthylic acid 
appears to be an intermediate in the conversion 
of inosinic acid to guanylic acid (12-14), and a 
further development concerning the reversal of 
that transformation, one which appears to in- 
volve a removal of the 2-carbon, is to be reported 
by Drs. Moyed and Magasanik (15). The problem 
of a mechanism for the analogous replacement 
which can occur at the 6-position (fig. 2) remains 
obscure. 

In addition to the utilizations of the purine 
bases, base-labeled samples of many of the 
nucleosides and nucleotides which can be de- 
rived from the nucleic acids have also been 
studied in the rat in the last five years. Nucleo- 
sides and nucleotides of the pyrimidines, cytosine 
and uracil, and of the nucleotide of guanine, 
proved to be utilized far more readily than were 
the corresponding free bases. 

In order to ascertain something of the mech- 
anisms by which the various units of the nucleo- 
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tide molecules were utilized, Drs Roll and Wein- 
feld (16-19) carried out studies with several 
multiple-labeled (N15, C and P*) nucleotides, 
and followed the fate of each major segment of 
the molecules. These were the 2’-and 3’-nucleo- 
side phosphates, which are those obtained by 
alkaline degradation of suitably labeled RNA. 
There was no specific incorporation of the phos- 
phates (P*), and subsequent studies (20) have 
demonstrated that injected nucleoside 2’- or 
3’-phosphates lead to the 5’-phosphates of the 
soluble nucleotide fraction; this must involve 
incorporation of other phosphate which has been 
in equilibrium with the inorganic phosphate. The 
most informative results were obtained by isolat- 
ing the individual nucleotides from the nucleic 
acids, and degrading these to permit separate 
measurements of the appearance of the isotopes 
N® and C* in the bases and C™ in the riboses 
from each nucleotide. 

After the administration of the cytosine nucleo- 
tide, the ratio of the isotopic label in the RNA 
cytosine and in its accompanying ribose was the 
same as that in the administered cytidylic acid. 
Thus, the cytosine-ribose unit was the one which 
was utilized intact. It was also converted into 
uracil derivatives without cleavage of the gly- 
cosyl linkage. The deoxyribosyl derivatives 
likewise showed a ratio of isotope in the base 
and deoxyribose which suggests and extensive 
origin of deoxyribose derivatives by way of a 
reductive removal of oxygen from the second 
carbon, a reaction which has not been suggested 
by any of the studies with isolated enzyme 
preparations. The behavior of the uridine moiety 
of uridylic acid was similar, but with isotope 
values which were all much lower because of the 
considerably less efficient utilization of the uracil 
derivative. These results fully confirm and ex- 
tend the suggestions made by Hammarsten, 
Reichard and Saluste (21) on the basis of the 
fates of pyrimidine ribosides and deoxyribosides, 
and those of Rose and Schweigert (22) with 
uniformly labeled cytidine. 

Similar studies with purine ribotides led to a 
quite different picture. With them, there was 
extensive incorporation of the ribose, but the 
ratios did not approach 1.0. The values for the 
sugars were high enough, and there was a suf- 
ficiently specific incorporation into the purine 
nucleotides to indicate that this was not a non 
specific utilization of small fragments. However, 
it was obvious that some purines reached the 
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polynucleotides without being accompanied by 
their original ribose. This was most evident with 
the RNA guanylic acids, since a maximum of 
about 20% of the guanine finally incorporated 
could have been attached to its original ribose. 

In view of several differences in the behaviors 
of free purines and their ribosy] derivatives, par- 
ticularly of guanine and guanylic acid in the rat, 
it seems that the appearance of the purine at- 
tached to a new glycosyl radical may well be the 
result of a type of transglycosidation reaction. 
We have referred (23, 24) to this process as 
‘transpurination’ to stress that part of the 
molecule, and to emphasize the fact that, in the 
rat, this is observed with purine derivatives but 
not with pyrimidine derivatives. 

The evidence demonstrates that there is some 
transfer of purines to new ribosyl derivatives at 
some unknown stage in the metabolic pathways 
leading to the polynucleotides. The postulation 
that such a ‘transpurination’ can occur between 
some nucleotide and a pre-existing polynucleo- 
tide offers advantages in reconciling several of 
the observations on both RNA and DNA which 
have indicated a disproportionately large in- 
corporation of preformed purine relative to that 
of small precursors. A transfer of purines from 
some ribosy] derivative directly onto the ribose- 
phosphate backbone of a nucleic acid is a mech- 
anism which could account for an additional in- 
corporation of a purine, independent of that 
involved in the total synthesis of polynucleotides 
from other precursors.” 

Recent observations on the influence of x-ir- 
radiation on DNA synthesis may be interpreted 
as fully in accord with such a hypothesis. Har- 
rington and Lavik (28) observed, with rat 


2 Introduction of pyrimidines into the polynu- 
cleotides of certain microorganisms may occur by 
a similar transglycosidation mechanism. In con- 
trast with the rat many microorganisms utilize 
pyrimidines: an enzymatic transglycosidation of 
pyrimidines by bacterial enzymes has been dem- 
onstrated (25), and Escherichia coli cleaves cyti- 
dine in the course of its utilization (22). Weygand 
et al. (26) and Zamenhoff et al. (27) have observed 
the incorporation of bromouracil into the DNA of 
E. coli under conditions which suggest that incor- 
poration of the pyrimidine into DNA can be 
independent of total synthesis, and Dr. Herbert 
Pahl has obtained evidence suggesting the same 
thing (unpublished). In the rat the non-utilization 
of pyrimidines and the fact that pyrimidine nu- 
cleoside units are used intact suggests that there 
is a pronounced difference between the rat and 
certain microorganisms. 
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interphase period, and of its metabolic stability 
thereafter. 


thymus, that irradiation could decrease the in- 
corporation of formate, orotic acid and phosphate 
into DNA, but that incorporation of exogenously 
supplied adenine was not decreased. With the 
chick embryo, Passoneau and Totter (29) have 
similarly observed that irradiation can reduce 
incorporations of formate and glycine without 
depressing that of adenine. An interference with 
the total synthesis of DNA, but one which does 
not interfere with the transpurinatoin of the 
exogenously supplied purine into the already 
existing DNA, is a possible explanation of those 
observations on metabolic behaviors following 
irradiation. 

The mass of available evidence does indicate 
that DNA is in a highly active metabolic state 
during that portion of interphase when new DNA 
for daughter cells is being formed (fig. 3), and 
we now postulate that transpurination as well as 
total synthesis may occur in that active metabolic 
state. However, in tissues which have ceased 
rapid growth, the DNA shows little metabolic 
activity. A long-term retention of the isotopes 
incorporated into the purines during the forma- 
tive phase, regardless of the precursor which was 
used to introduce them, suggests that the DNA 
in a non-dividing cell is in a stable condition in 
which neither total synthesis and degradation 
nor transpurination takes place. 

The lines of evidence which indicate multiple 
mechanisms during the synthesis of DNA and 
those indicating prolonged and uniform retention 
of the DNA once it is formed can be reconciled? 
if it be assumed that the bulk of the DNA in 


3Some of the implications of transpurination 
with respect to existing data on the synthesis of 
DNA from various precursors have been discussed 
in greater detail (24). 
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non-dividing cells is present in a metabolically 
stable condition which does not involve any 
synthesis or renewal (fig. 3). The new DNA, 
which is forming during the interphase of the 
cell which is about to divide, is in a condition of 
metabolic activity which includes both total 
synthesis and transpurination. Once the comple- 
ment of new DNA is formed, its condition or 
state of combination is so altered that it is ex- 
cluded from further metabolic changes: either 
synthesis, degradation or transpurination, and 
the daughter cells remain in that condition until 
they again prepare to divide. 

These instances where isotope techniques have 
revealed the pronounced differences between the 
behaviors of the nucleoside portions of pyrimidine 
and purine nucleotides, and the introductions of 
new groups, at the 6- as well as at the 2-positions 
of purines, pose new questions. More detailed 
mechanisms, and enzymes catalyzing those 
transformations, will no doubt be elucidated 
before long. I would hesitate to predict what our 
over-all ‘flow sheet’ of the chemical pathways of 
nucleic acid biosynthesis will be in the future, 
even one week in advance when that week in- 
cludes the ASBC meetings. Applications of the 
recognized precursors to studies of physiological 
processes are certainly adding to our knowledge 
of the processes of growth, multiplication, pro- 
tein synthesis and virus propagation. Perhaps 
knowledge of these pathways will permit applica- 
tions of the antimetabolite concept which can 
lead to effective controls of neoplastic growth, 
viral infections or other metabolic aberrations, 
areas where medicine and biochemistry blend. 
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BACTERIOPHAGE AS NUCLEOPROTEIN' 
E. A. Evans, Jr. 


From the Department of Biochemistry, University of Chicago, Chicago, Illinois 


O.: BIOCHEMICAL INFORMATION concerning 
the bacterial viruses is derived primarily from 
the so-called T series of coliphages, active on 
E. coli, strain B. Since knowledge of some mem- 
bers of this series is quite limited, I have pre- 
ferred to confine the discussion to a single strain 
of bacterial virus, namely, coliphage T,. My 
intention is to outline the contemporary informa- 
tion concerning the various chemical components 
of the virus particle and then to proceed to a 
discussion of the extent to which these can be 
correlated with our knowledge of the mechanism 
of viral replication. 

To refer to the phage particles as nucleopro- 
teins (as I have done in my title) is simply to 
emphasize the fact that these agents are largely 
composed of nucleic acid and protein, that both 
components are essential to their physiological 
activity, although all of the available evidence 
suggests that these two components have quite 
separate and distinct physiological functions. 

Figure 1 is a diagrammatic representation of 
the T. particle indicating current views as to 
function. The particles have a slightly elongated 
hexagonal head attached to a smaller tail, 
terminating in a thickened end-structure of the 
indicated dimensions. Highly purified prepara- 
tions of the virus can be obtained which exhibit 
homogeneity in both the ultracentrifuge and the 
electrophoretic apparatus. From a variety of 
analytical procedures, both physica and _ bio- 
logical, it would appear that the particle weight 
is of the order of 200,000,000. Chemical analysis 
indicates that about 50% of the nitrogen is 
present as nucleic acid of the DNA type with 
the rest being protein. Most virus preparations 
contain measurable quantities of lipid material 
(about 2%) but it is uncertain whether this is a 
contaminant or an integral part of the viral 
structure. 


1 The original experiments included in this re- 
port were supported by grants from the National 
Foundation for Infantile Paralysis, Inc., and 
from the Dr. Wallace C. and Clara A. Abbott 
Memorial Fund of the University of Chicago. 
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Such viral particles as T, do not show demon- 
strable metabolic activity, do not contain energy 
‘reservoirs’, nor require any source of energy to 
maintain their structure. It appears, therefore, 
that we are dealing with particles which although 
enormous in molecular size are bound together 
by the usual covalent bonds as well as by such 
other types of intra-molecular binding forces as 
operate, for example, in determining the par- 
ticular configurations of a biologically active 
protein molecule. 

Although it is not yet possible to separate and 
recombine the nucleic acid and protein com- 
ponents of phage in a manner similar to that 
which has been so elegantly demonstrated for 
tobacco mosaic virus, a number of physical and 
chemical procedures now exist which indicate 
heterogeneity in both the protein and nucleic 
acid components. 

As indicated in the diagram (fig. 1), it is 
generally believed that the nucleic acid of the 
virus particle is concentrated mainly within the 
area of the hexagonal head and is sheathed in a 
protective coat of protein. The view is based on 
the fact that the intact virus particle is immune 
to the action of DNAase, and more particularly 
to the observation that if one rapidly dilutes 
suspensions of T, in concentrated salt solutions, 
the nucleic acid is liberated into the medium and 
the remaining protein ‘ghosts’ are seen, under 
the electron microscope, to retain the sperm-like 
shape of the intact particle, although the hex- 
agonal head is empty. The DNA released by this 
procedure can be hydrolyzed by DN Aase and is 
probably highly disorganized as compared to the 
state in which it existed in the intact particle. 

If the genetic material of the phage is uniquely 
DNA, then the DNA structure must be such as 
to permit the existence of some thousands of 
areas of specific chemical dissimilarity in order 
to explain the existence of numerous genetic 
qualities. However, such areas can be present as 
united components of a single thread-like 
fibrous structure. Recently Brown and Martin 
(1) have been able to separate the DNA from 
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T. into two fractions by use of a column of 
cellulose and calf-thymus histone. The two por- 
tions, 30 and 70% respectively of the total 
nucleic acid, are characterized by differing ratios 
of purine and pyrimidine bases. Further evidence 
for the heterogeneity of viral DNA is derived 
from recent experiments of Levinthal (2) which 
I shall discuss somewhat later. 

The most striking feature of the chemistry of 
the DNA of the T: particle is the presence of 
several anomalous components. Wyatt and 
Cohen (3) discovered that the even-numbered T 
phages contained a new pyrimidine, 5-hydroxy 
methy] cytosine, which is absent from the nucleic 
acid of the host cell and appears to replace 
cytosine entirely in the DNA of this group of 
phages. Sinsheimer (4) and, independently, 
Volkin (5) demonstrated that glucose is also an 
integral component of T, phage, occurring prob- 
ably in glycosidic combination with the 5-hydroxy 
methyl group. One is inclined to regard these 
variations as being of great, if unknown, physio- 
logical significance in the function of T, but since 
comparable anomalies have not as yet been found 
in either the odd-numbered T phages or the 
temperate phage A, it has not yet been proved 
that they constitute a general pattern in viral 
composition. 

Evidence is also accumulating with respect to 
the heterogeneity of the protein component of 
T. phage. Lanni and Lanni (6) in 1953 showed 
the presence of at least two distinct antigens in 
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viral preparations, one associated with the pro- 
tein of the head and the other with the protein 
of the tail. At the moment, we have evidence for 
at least four distinguishable protein fractions. 
Our most recent information in this respect has 
been derived largely from the work of Kozloff in 
our laboratory, of Kellenberger in Geneva, and 
of others. The four protein components are: 1) 
the protein sheath of the hexagonal head; 2) 
that of the proximal portion of the tail; 3) that 
in the distal or terminal tail fragment; and 4) 
that of an internal ‘spike’ or plus-like structure 
which is only revealed after appropriate treat- 
ment of the intact virus particle although the 
evidence for protein nature here is still insuf- 
ficient. 

Kozloff and Henderson (7) have shown that by 
treatment of T. with divalent Zn*++ or Cdt+* in 
the presence of a complexing agent, the distal 
portion of the tail is split off, inactivating the 
phage. A number of complexing agents are active, 
such as various amino acids and proteins, al- 
though cyanide has proved to be most convenient 
for much of the experimental work. Neither the 
metallic ion nor the complexing agent is ef- 
fective alone—both are required for the liberation 
of the distal portion of the tail. In preparations 
of T, treated with Cd** and cyanide, one finds 
that all of the particles retain the intact head 
structure as well as the proximal portion of the 
tail, although this has thickened somewhat, 
possibly due to retraction of the protein coat. 
In such preparations the electron microscope re- 
veals the presence of a smaller number of phage 
particles (10-20%) in which the removal of the 
distal portion of the tail and the thickening of 
the proximal part has exposed a terminal ‘spike’. 
Such preparations also contain a number of 
particles having the appearance and dimension 
of the spike and one can see similar structures-in 
lysates of infected bacterial cells and in lysates 
from infected cells in which the normal replica- 
tion of the virus particle has been prevented by 
proflavin. As shown in the diagram (fig. 2) it 
seems very probable that the phage particles 
contain an internal spike that can be seen only 
when the distal portion of the tail is removed 
and which, under such circumstances, can be 
readily removed from the tail. Similar conclusions 
arise from the independent investigations of 
Kellenberger and his co-workers (8) on the 
oxidation of T, by 3% H.O:2 in 10% ethyl alco- 
hol. The Swiss workers describe first the appear- 
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ance of thread-like structures (varying from 
three to five in number) unravelling from the 
very tip of the tail. If oxidation proceeds long 
enough, the distal portion of the tail is entirely 
removed and the thickening or retraction of the 
proximal portion of the tail clearly reveals a 
spike identical in appearance with that obtained 
by treatment with cadmium cyanide. 

I have not time here to describe the matter in 
detail, but Dr. Kozloff will present evidence at 
another session of this meeting (9) that the 
effect of Cd** or Zn** complexes is to rupture 
disulfide bonds present in the protein sheath of 
the tail structure so that the distal portion of the 
tail is liberated. The mechanism is probably one 
of hydrolysis, but a similar effect can be exerted 
by thioglycollic acid, presumably reducing the 
same disulfide linkages to the sulfhydryl state. 
The effect of Cd cyanide is quite specific and 
both the head structure and the proximal tail 
portion of the particle are undamaged, although, 
as I shall describe later, the DNA inside the head 
may be removed by appropriate treatment. 
However, with alcoholic H,O2, Kellenberger has 
found that prolonged treatment of T, results 
eventually in damage to the head structure, 
liberating DNA, although the proximal portion 
of the tail seems unchanged. Kozloff has also 
observed differential susceptibility or sensitivity 
of the head protein, inasmuch as exposure of the 
Cd-cyanide treated particle to 0.2 m arginine 
leads to a rapid destruction of the head structure, 
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although the proximal portion of the tail remains 
intact. Kellenberger has studied the effect of 
DNAase on the spikes observed in a number of 
preparations, and finds them unaltered (8), so 
that it seems probable in terms of the composi- 
tion of the intact particle, that they are protein 
in nature although other chemical components 
cannot be excluded. 

These facts represent a summary of our con- 
temporary information in regard to the various 
protein and nucleic acid components of the phage 
particle, and I should like to proceed to a dis- 
cussion of our information regarding the role of 
these various materials in the process of virus 
replication. 

Anderson (10) first showed that the T, particle 
is adsorbed to the specific bacterial host by the 
end structure of the tail. Garen and Puck (11) 
demonstrated that the initial phase of the ab- 
sorption process is reversible, and depends on 
the existence of complementary electrostatic 
and geometric relationships between the virus 
and receptor areas of the host cell wall. Puck and 
Tolmach (12) were able to show further that 
with T, the initial interaction involves positively 
charged amino groups—presumably on the pro- 
tein of the distal portion of the tail—with nega- 
tively charged carboxyl groups present on the 
bacterial cell surface. The first reversible process 
leads to an irreversible phase which probably 
involves changes in both the virus particle and 
the bacterial cell wall. Under normal conditions, 
this irreversible phase of adsorption is followed 
by a splitting of the coliphage particle so that 
the bulk of the nucleic acid of the phage particle 
passes into the bacterial cell. The protein mem- 
brane remains attached to the exterior of the 
cell and, as shown by the elegant isotope experi- 
ments of Hershey and Chase (13), can be re- 
moved without interfering with the further stages 
of virus reproduction, simply by agitating the 
infected bacterial cells in a Waring blendor. 

Further insight into the detailed sequence of 
events involved in the invasion of the particle 

has recently been obtained by Kozloff, Barring- 
ton and Brown (14, 15) in a study of the inter- 
action between T, and so-called bacterial cell 
walls. These are prepared by autolysis of heavy 
suspensions of ZH. colt in buffer solutions and 
subsequent treatment with proteolytic enzymes 
and lysozyme. Such preparations are homogene- 
ous and specifically adsorb and inactivate coli- 
phages which attack the original bacterial cell. 
The process can be studied by using bacterial 
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membranes in which the nitrogen has been 
marked with isotopic N!* or C. When such 
membranes are treated with To, quantities of 
soluble compounds are released in direct propor- 
tionality tc the quantity of phage added. If one 
studies this lytic process, comparing the effect of 
the three types of particles, i.e. intact T, particles, 
of particles without the distal portion of the tail 
but still retaining the spike, and of particles in 
which both the distal tail and spike have been 
removed, one finds the lytic activity of the latter 
species is more pronounced than that of the first 
two. It seems probable, therefore, that the initial 
interaction between the protein of the tip of the 
phage tail and the bacterial cell surface is fol- 
lowed by a reaction in which the distal portion of 
the tail is removed, so that lysis of the bacterial 
surface is occasioned by contact between the 
cell and the proximal portion of the phage tail. 
The sequence of events would be those repre- 
sented diagrammatically in figure 3 involving /) 
interaction between virus and host, 2) splitting 
off of the distal portion of the tail, 3) lysis of the 
adjacent areas of the bacterial cell wall, per- 
mitting 4) expulsion of the internal spike, to- 
gether with viral DNA into the bacterial cell 
proper. There are several comments that can be 
made with reference to this sequence. In the case 
of step 2, it is possible to demonstrate sufficient 
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concentrates of zinc in the bacterial cell wall to 
believe that the in vivo process may be catalyzed 
by a zinc complex in much the same fashion and 
the in vitro reaction, i.e. by fusion of the di- 
sulfide bonds and exposure of the internal spike. 
With regard to reaction 4, it is appropriate to 
mention experiments of Hershey (16). Along 
with the protein ghosts I have already men- 
tioned, he finds some 3% of a non-sedimentable 
protein which appears to be an authentic com- 
ponent of the phage particle but differs from the 
ghost protein both in lacking antigenic properties 
and in failure to be adsorbed to the host bac- 
terial cell. 

It seems not unlikely that this unsedimentable 
protein of Hershey is identical with the spiked 
structure which must be extruded from the at- 
tached particle if viral DNA is to enter the cell. 
Whether the spike as such has any mechanical 
or physiological effect is a matter of speculation. 
It would be of interest to ascertain whether it has 
any enzymic activity: for example, in attacking 
the DNAase inhibitor present in the bacterial 
cell which disappears after infection, with a 
consequent elevation of the DNAase activity of 
the infected cell. 

The nature of the forces responsible for the 
injection of viral nucleic acid into the bacterial 
cell is entirely obscure. With particles in which 
the distal portion of the tail has been removed 
with cadmium cyanide, one observes a partial 
emptying out of DNA into the medium. This can 
be accelerated by a variety of compounds: amino 
acids, amines, amino sugars, with the active com- 
pound in every case possessing a positively 
charged amino nitrogen (15). 

It is not possible to detect the presence of 
intact virus during the next phase of viral re- 
production. If the cells are disrupted during this 
period, one finds particles which are protein in 
nature, related serologically to virus protein, but 
incapable of inducing the virus infection and 
representing probably intermediate states in 
viral synthesis. Since the DNA of T, contains 
5-HMC and is free of cytosine, one can study 
the synthesis of the nucleic acid portion of the 
virus by following the changes in phage specific 
DNA and of host specific DNA. It is found that 
phage DNA increases some 7 min. after infection 
while the bacterial DNA decreases. At a time 
approximately half the period between infection 
and lysis, disruption of the cell shows that 
mature infectious virus particles are beginning 
to appear. However, viral DNA continues to 
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increase and remains in excess of that present as 
infected particle until the cell finally lyses. 

The synthesis of 5-HMC by the infected cell 
would seem to require the preliminary formation 
of enzymes necessary for its production since the 
pyrimidine does not occur in the bacterial cell. 
Burton (17), by the use of amino acid-requiring 
mutants of EZ. coli, has shown that after infection 
of the host cell there is an obligatory synthesis of 
protein before the synthesis of the characteristic 
5-HMC-containing phage is initiated. Once this 
obligatory protein has been synthesized, the 
subsequent synthesis of phage is largely inde- 
pendent of the synthesis of protein containing 
tyrosine or tryptophan, although protein must 
be formed for the protective coat of the particle. 
Similar conclusions using chloramphenicol as an 
inhibitor of protein synthesis have been reported 
by Timizawa and Sunakawa (18). 

The mature virus particle may contain material 
derived from the parent infecting particle, the 
bacterial host cell and the nutrient components 
of the medium. Since the bulk of the protein 
membrane of the virus particle remains outside 
the infecting cell, it is clear that it cannot con- 
tribute to the protein of the viral progeny and 
isotopic experiments support this conclusion. 
The question of the direct utilization of parental 
DNA on the DNA of the progeny has been a 
matter of considerable investigation and con- 
jecture. Studies on the fate of labeled viral DNA 
have shown that immediately after its injection 
into the host cell a considerable portion can be 
detected in the acid-soluble material fraction so 
that some further subdivision of the injected 
material must be taking place. A number of 
isotopic tracer studies by various workers led to 
the general conclusion that there was no possible 
correlation between the material of DNA from 
the infecting phage and the transfer of hereditary 
units although parental DNA must be the agent 
whereby these units are transmitted. And in- 
deed, one can observe the transfer of considerable 
quantities of isotope from labeled parents to 
progeny under circumstances in which genetic 
transfer seems excluded. Levinthal (2) has 
recently developed techniques which allow him 
to measure the radioactivity of a single virus 
particle labelled with P® if its atoms emit more 
than 10 beta particles per month. This involves 
surrounding the particle under study with a 
photographic emulsion sufficiently sensitive so 
that fast electrons leave a visible track which 
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can be observed directly under the microscope. 
Levinthal’s results indicate that the nucleic 
acid of T, consists of one large piece and a num- 
ber of smaller pieces. The small pieces of DNA 
are distributed among a large number of progeny 
virus while the large piece of DNA is transmitted 
in an intact state to one of the viral progeny. A 
copy of this essential nuclear core must then be 
synthesized de novo for the remaining virus 
particles synthesized in the infected cell. A final 
decision as to this matter is clearly of the greatest 
importance in our understanding of the mech- 
anism of viral replication. 

Perhaps the most striking feature of the 
utilization of the components of the host cell for 
virus synthesis is the use of practically all of the 
bacterial DNA. This first involves breakdown of 
the bacterial nucleic acid into smaller fragments 
which are then used for the synthesis of viral 
DNA and especially for the viral particles which 
are formed in the early stages of the infectious 
process. To the extent that there is sufficient 
bacterial DNA to account for the whole of the 
DNA of the viral progeny, relatively little 
synthesis of viral DNA from the components of 
the medium takes place. However, as is the case 
with T., when bacterial DNA is insufficient in 
amount for the DNA of the viral progeny, and 
when there is necessity for the synthesis of a new 
component, such as 5-HMC (synthesized in part 
from the cytosine of the host) then this additional 
material is synthesized from the simple compo- 
nents of the medium. There is little or no utiliza- 
tion of bacterial protein or amino acids for virus 
synthesis, and viral protein is formed largely by 
de novo synthesis from the components of the 
medium. 

The picture of virulent coliphage infection 
which emerges from this is one in which the 
process of virus synthesis is set off by a fragment 
of the original infecting particle. The machinery 
that is used for virus synthesis is for the most part 
the normal metabolic equipment of the bacterial 
cell, and the materials on which it operates are 
the normal components of the bacterial environ- 
ment and certain portions of the bacterial cellular 
fabric. Many, if not all, of the normal metabolic 
functions of the bacterial cell cease, and there 
begins an immediate and rapid synthesis of the 
specific parts of the virus particle. Viral DNA 
appears rapidly. Viral protein can be detected 
somewhat later, but apparently the two compo- 
nents of the mature particle are assembled only 
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at a terminal stage of the replication process. 
Beyond this our biochemical information proceeds 
for only a short distance. 

If one asks what is the mechanism by which 
this alteration of the normal metabolic activities 
of the growing cell is effected by a fragment of 
viral DNA, one can only point to the obscurity 
of our knowledge in respect to the metabolism 
and synthesis of nucleic acid and of protein. Both 
cytological and chemical evidence point to the 
fact that the replication of T. virus involves a 
gross disturbance in the normal metabolism of 
the nuclear material of the sensitive bacterial 
cell. Finally, I might add that such a view is also 
reinforced by what we know of the behavior of 
the so-called temperate viruses, a subject which 
I cannot discuss in further detail here. 

Many of the phenomena of virus infection and 
duplication have hitherto been more amenable to 
the dexterous explorations of the microbiologist 
and the geneticist than to those of the chemist. 
We are just at the beginning of the attempt to 
translate such phenomena into chemical language, 
although some small progress has been made in 
carrying the description to the ultimate molecular 
level. 


FEDERATION PROCEEDINGS 


Volume 16 


REFERENCES 


1. Brown, G. L. anp A. V. Martin. Nature 
176: 971, 1955. 

2. LevintHAL, C. Instituto Lombardo Di Scienze 
e Lettere 89: 192, 1955. 

3. Wyatt, G. R. ann 8. 8S. Conen. Biochem. J. 
55: 774, 1953. 

4. SINSHEIMER, R. L. Science 120: 551, 1954. 

5. Vouikin, E. J. Am. Chem. Soc. 76: 5892, 1954. 

6. Lanni, F. anp Y. T. Lanni. Cold Spring 
Harbor Symp. Quant. Biol. 18: 159, 1953. 

7. Koziorr, L. anp K. HENDERSON. Nature 176: 
1169, 1955. 

8. KELLENBERGER, E. anp W. ARKER. Zeit. f. 
Naturforschung 10b: 698, 1955. 

9. Kozuorr, L. M. Fed. Proc. 15: 292, 1956. 

10. ANpeRsoN, T. Cold Spring Harbor Symp. 
Quant. Biol. 18: 197, 1953. 

11. Garen, A. anv T. T. Puck. J. Exper. Med. 
94: 177, 1951. 

12. Puck, T. T. anv L. J. Totmacu. Arch. Biochem. 
51: 229, 1954. 

13. Hersuey, A. D. anp M. Cuase. J. Gen. Phys- 
tol. 36: 39, 1952. 

14. Barrinecton, L. F. anp L. M. Koztorr, 
Science 120: 110, 1954. 

15. Brown, D. D. ann L. M. Kozutorr. Unpub- 
lished results. 

16. Hersuey, A. D. Urology 1: 108, 1955. 

Burton, K. Biochem. J. 61: 478, 1955. 

18. Trimizawa, J. anp S. Sunakawa. J. Gen. 
Physiol. 39: 553, 1956. 


— 
“I 


ENZYMATIC SYNTHESIS OF RIBONUCLEIC ACID-LIKE 
POLY NUCLEOTIDES! 


SEVERO OCHOA 


From the Department of Biochemistry, New York University College of Medicine, New York City 


‘ie MECHANISMS of synthesis of the polynucleo- 
tide chains of nucleic acids have remained ob- 
scure despite notable advances in our understand- 
ing of the enzymatic mechanisms involved in the 
synthesis of the mononucleotides, the purine and 
pyrimidine bases, and the sugar moieties. 

As reported in several publications from our 


1 Aided by grants from the National Institute 
of Arthritis and Metabolic Diseases (grant A-529) 
of the National Institutes of Health, U.S. Public 
Health Service; the American Cancer Society 
(recommended by the Committee on Growth, 
National Research Council); the Rockefeller 
Foundation; and by a contract (N6onr 279 T. O. 6) 
between the Office of Naval Research and New 
York University College of Medicine. 


laboratory (1-3), an enzyme isolated, and par- 
tially purified, from the micro-organism Azo- 
tobacter vinelandii catalyzes the synthesis of highly 
polymerized ribopolynucleotides from 5’-nucleo- 
side-diphosphates with release of orthophosphate. 
The reaction requires magnesium ions and is 
reversible. The available evidence indicates that 
the Azotobacter enzyme catalyzes the reaction 


K-R-P~ Pe 2 -Py 


where R stands for ribose, P-P for pyrophosphate, 
P for orthophosphate and X for one or more of the 
following bases: adenine, hypoxanthine, quanine, 
uracil or cytosine. 

Chemical and enzymatic degradation of the 
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biosynthetic polynucleotides, carried out in 
collaboration with Dr. Leon A. Heppel of the 
National Institutes of Health, showed that they 
are made up of 5’-mononucleotide units linked to 
one another through 5’ ,3’-phosphoribose diester 
bonds as in RNA? (ef. fig. 2). Thus, in analogy 
with polysaccharides, reversible phosphorolysis 
may be a major mechanism in the biological 
synthesis and breakdown of polynucleotide 
chains. For this reason, the name polynucleotide 
phosphorylase was proposed (1) for the new en- 
zyme. Evidence has been obtained that this en- 
zyme brings about the synthesis of RNA-like 
polynucleotides. It has been found in our labora- 
tory (4) that polynucleotide phosphorylase is 
widely distributed in bacteria and the presence 
of the enzyme in some microorganisms has been 
confirmed by other investigators. 

Single polymers containing AMP, GMP, 
UMP, CMP, or IMP as the only basic unit have 
been obtained by incubating polynucleotide 
phosphorylase with the corresponding 5’-nucleo- 
side diphosphates. They are referred to as the 
AMP(A), GMP(G), UMP(U), CMP(C), or 
IMP(1) polymers, respectively. To date, two 
‘mixed’ polymers have been prepared, one from 
approximately equimolar mixtures of ADP and 
UDP and one from mixtures of ADP, GDP, 
UDP, and CDP, in approximately molar propor- 
tion 1:0.5:1:1. These polymers are referred to 
as the AU, and the AGUC polymers, respectively. 

The possibility that the 5’-nucleoside diphos- 
phates could be the direct precursors of RNA has 
been considered by Potter (5). The 5’-mono-, di-, 
and triphosphates of guanosine, uridine and cyti- 
dine have recently been shown to be present in 
animal tissues (6). The mechanism of formation 
of the 5’-polyphosphates has been elucidated 
through the discovery (7) of nucleoside mono- 
phosphate kinases catalyzing the transfer of 
phosphate from ATP to GMP, UMP, or CMP, 
and from ADP to GDP, UDP, CDP, or IDP. 

On incubation of polynucleotide phosphorylase 
with nucleoside diphosphates in the presence of 
Mgt", there is a disappearance of nucleoside 
diphosphate with liberation of a stoichiometric 


2 The following abbreviations are used: RNA, 
ribonucleic acid; DNA, deoxyribonucleic acid; 
ADP, GDP, UDP, CDP, and IDP, 5’-diphos- 
phates (pyrophosphates) of adenosine, guano- 
sine, uridine, cytidine, and inosine, respectively; 
AMP, GMP, UMP, CMP, and IMP, 5’-mono- 
phosphates of the same nucleosides; ATP, adeno- 
sine-5’-triphosphate. 
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Fig. 1. Orthophosphate liberation during syn- 
thesis of polymers (3). All samples contained tris 
(hydroxymethyl)aminomethane-HCl buffer, px 
8.1, MgCl, and partially purified Azotobacter 
polynucleotide phosphorylase. For single poly- 
mers 50 mg/ml were used of each of the following 
nucleoside diphosphates, ADP, IDP, UDP and 
CDP, and 25 mg/ml of GDP. The sample for 
AU polymer contained 25 mg each of ADP and 
UDP per ml; that for AGUC polymer contained 
7 mg/ml each of ADP, UDP and CDP, and 3.5 
mg/ml of GDP. Incubation at 30°. For further 
details see ref. 3. The ordinate gives the per- 
centage of acid-labile phosphate released as 
orthophosphate. 


amount of orthophosphate. The reaction reaches 
equilibrium and comes to a standstill when about 
60 to 80% of the nucleoside diphosphate has 
disappeared. The time course of orthophosphate 
liberation is shown in figure 1 for the various 
single and ‘mixed’ polynucleotides so far pre- 
pared. The polynucleotides are isolated by pre- 
cipitation with cold ethanol and purified by solu- 
tion in a small volume of water, reprecipitation 
with ethanol and extensive dialysis against dis- 
tilled water. They are recovered as white pow- 
ders by lyophilization of the aqueous solutions. 


STRUCTURE OF POLYNUCLEOTIDES 


The polynucleotides synthesized by polynucle- 
otide phosphorylase consist (2, 8) of 5’-nucleoside 
monophosphate units linked to one another 
through 5’-, 3’-phosphoribose diester bonds. The 
chains are terminated by phosphate groups steri- 
fied at carbon 5’ of the nucleoside moiety. This is 
shown diagrammatically in figure 2 which also 
indicates the points at which the chain is cleaved 
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Fie. 2. Scheme of ribo-polynucleotide chain 
with 5’-phosphomonoester end-group. Dotted 
arrows (a) indicate points of cleavage by snake 
venom phosphodiesterase. Solid arrows (b) indi- 
cate points of cleavage by spleen phosphodiester- 
ase and of primary attack by alkali. 
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by specific phosphodiesterases. Thus, snake 
venom phosphodiesterase (9) hydrolyzes the 
polynucleotides to 5’-nucleoside monophos- 
phates while spleen phosphodiesterase (10) yields 
the corresponding 3’-nucleoside monophosphates. 
The same products are obtained by hydrolysis of 
natural RNA with the diesterases (11, 12). 
Further, as is the case with natural RNA, mild 
alkaline hydrolysis of the biosynthetic poly- 
nucleotides liberates approximately equimolar 
mixtures of the 2’- and 3’-nucleoside monophos- 
phates. Hydrolysis by alkali cleaves polynucleo- 
tide chains at the same points attacked by spleen 
phosphodiesterase (cf. fig. 2) but, as shown by 
Brown and Todd (12), alkaline hydrolysis pro- 
ceeds with the liberation of 2’-, 3’-nucleoside 
monophosphates (cyclic nucleotides) which are 
then cleaved to give mixtures of the 2’- and 3’- 
nucleoside monophosphates. This was confirmed 
by Markham and Smith (13). 

End Groups. It may be seen in figure 2 that 
alkaline digestion of a polynucleotide chain such 
as that represented will yield nucleoside mono- 
phosphates except at the ends which will be 
split off as nucleoside and nucleoside diphos- 
phate. The separation of the three kinds of frag- 
ments, nucleosides, nucleoside monophosphates, 
and nucleoside diphosphates, by paper electro- 
phoresis at neutral pH was developed by Mark- 
ham, Matthews and Smith (14) as an end-group 
assay method which permitted them to show that 
the nucleic acids of certain plant viruses, such as 
tobacco mosaic virus and potato virus X, con- 
form to the structure shown in figure 2. That the 
polynucleotides synthesized by polynucleotide 
phosphorylase possess the same structure is 
indicated by end-group assays carried out by 
Dr. J. D. Smith in our laboratory (8). Figure 3 
shows ultraviolet prints of filter paper strips 
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Fie. 3. End-group assay of biosynthetic poly- 
nucleotides (J. D. Smith). Ultraviolet prints of 
paper electrophoresis (pH 7.4) strips. 1—A poly- 
mer after treatment with prostatic phhospomono- 
esterase; 2—A polymer; 3—AU polymer; 4—AGUC 
polymer. Origin indicated by notches at top. Fast 
moving band (toward anode), nucleoside diphos- 
phates; middle band, nucleotides; slow moving 
band, nucleosides. 


after electrophoresis of alkaline digestion mix- 
tures of the A, AU, and AGUC polymers. The 
three major bands in strips 2 to 4 are from top to 
bottom, nucleosides, nucleoside monophosphates, 
and nucleoside diphosphates. Strip 1 shows the 
electrophoresis pattern of the alkaline digestion 
mixture of the A polymer after removal of the 
5’-esterified phosphate group at one end (ef. 
fig. 2) by prostatic monoesterase. The nucleo- 
side diphosphate band is missing in this strip. 
Ribonuclease Digestion. On digestion with 
pancreatic ribonuclease biosynthetic polynucleo- 
tides yield the same hydrolysis products as RNA 
(8). Pancreatic ribonuclease is a phosphodiester- 
ase with a characteristic specificity; it cleaves 
pyrimidine nucleoside phosphodiester bonds 
distal to a 3/-linkage. Figure 4 illustrates the 
action of ribonuclease on the AU polymer. The 
enzyme releases 3’-uridylic acid and polynucleo- 
tides containing one uridylic acid residue and 
one or more adenylic acid residues. Markham 
and Smith (13) have shown that 2’-, 3’-pyrimi- 
dine nucleoside monophosphates (cyclic pyrimi- 
dine mononucleotides), are intermediates in the 
cleavage of RNA by ribonuclease and are further 
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hydroylzed to the corresponding 3’-pyrimidine 
mononucleotides. Thus, cyclic pyrimidine mono- 
nucleotides can be obtained in larger or smaller 
amounts during digestion of RNA with ribo- 
nuclease. Dr. Heppel has been able to obtain 
large yields of cyclic uridylic acid by ribonuclease 
digestion of the U polymer. 

On exhaustive ribonuclease digestion of the 
AU polymer, Heppel obtained 3’-uridylic acid 
along with a series of oligonucleotides, of which 
the mono-, di-, tri-, tetra-, and pentanucleotides 
have been characterized (8). The separation of 
these nucleotides by paper chromatography in 
ammonium acetate-ethanol (15) is shown in figure 
5. The oligonucleotides consist in all cases of one 
uridylic acid residue with one or more adenylic 
acid residues and are terminated by a phospho- 
monoester group esterified at carbon 3’ of the 
uridine moiety. Hydrolysis of these oligonucleo- 
tides with semen phosphomonoesterase liberates 
the terminal phosphate group as orthophosphate 
and alkaline hydrolysis of the remaining com- 
pounds releases one mole of uridine and one or 
more moles of 2’- (3’-) adenylic acid. 

When RNA is exhaustively digested with 
ribonuclease and the reaction mixture is dialyzed 
against distilled water there remains a non- 
dialyzable residue or ‘core’ which consists of a 
mixture of oligonucleotides with relatively high 
proportions of purine mononucleotides. Parallel 
hydrolyses of samples of the AGUC polymer and 
yeast RNA showed that in both cases there re- 
mained a non-dialyzable core amounting to 
20-22% of the total nucleotides. Both Dr. Smith 
and Dr. Heppel (8) have carried out ribonuclease 
digestions of the AGUC polymer and have further 
resolved by electrophoresis, following the general 
technique of Markham and Smith (16), the 
oligonucleotide bands obtained from the diges- 
tion mixture by paper chromatography in the 
isopropanol-ammonia solvent system. This dem- 
onstrated the presence of guanylic-cytidylic, 
guanylic-uridylic, adenylic-cytidylic, and aden- 


SYNTHESIS OF RNA-LIKE POLYNUCLEOTIDES 


835 


U U ee y A U U 


‘ 
xt 


5° 


























AWN AN 


ylic-uridylic dinucleotides along with trinucleo- 
tides (fig. 6). 

Nucleotide Composition. Since there is evi- 
dence that ribonucleic acids from different cells 
or tissues vary in composition (17), it was of 
interest to compare the nucleotide composition 
of the AGUC polymer with that of RNA isolated 
from Azotobacter vinelandii. This has recently been 
done by Dr. R. M. 8. Smellie in our laboratory 
(18) and his results are summarized in table 1. 
Upon hydrolysis of the polynucleotides with 
perchloric acid, the purine and pyrimidine bases 
were separated by paper chromatography in the 





Fic. 5. Ribonuclease digestion of AU polymer 
(L. A. Heppel). Ultraviolet print of paper chro- 
matogram (solvent system: 1.0 M ammonium ace- 
tate, 300 ml; 95% ethanol, 750 ml (15)). Bands at 
increasing Rr values correspond to penta-, tetra-, 
tri-, di- and mononucleotides, respectively. Spot 
at bottom center is a marker of uridylic acid (uri- 
dine-3'-phosphate). 
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Fie. 6. Ribonuclease digestion of AGUC poly- 
mer (L. A. Heppel and J. D. Smith). Identifica- 
tion of products after Markham and Smith (16). 
Ultraviolet prints. A—Isopropanol-ammonia 
chromatogram; B—paper electrophoresis (20 
v/em, 2 hr., pH 3.5) of eluates of bands 1 (left) 
and 2 (right) of paper chromatogram. The bands 
marked GC, GU, AC and AU are in the positions 
corresponding to the dinucleotides guanylic- 
cytidylic, guanylic-uridylic, adenylic-cytidylic 
and adenylic-uridylic acid, respectively. 


TABLE 1. NUCLEOTIDE COMPOSITION 


(R. M. 8S. SMELLIE) 


Polynucleotide Adeny- Guany- Uridy- Cytidy- 


lic lic lic lic 
Acid Acid Acid Acid 
Azotobacter 10.0 13.0 7.3 9.0 
RNA 


AGUC polymer 10.0 5.7 7.3 10.0 


isopropanol-hydrochloric acid solvent system 
and determined from the ultraviolet absorption 
of the eluates of the corresponding spots. The 
results are the averages of a number of closely- 
agreeing experiments. It is apparent that the 
proportions of adenylic, uridylic, and cytidylic 
acids were essentially the same in the two poly- 
nucleotides, whereas the proportion of quanylic 
acid in the biosynthetic polymer was about half 
that in Azotobacter RNA. It should be remembered 
that the AGUC polymer was prepared from a 
mixture of nucleoside diphosphates containing 
approximately equimolar amounts of adenosine, 
uridine and cytidine diphosphate but only about 
half the amount of guanosine diphosphate (3). 
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Fie. 7. X-ray diffraction patterns of fibers of 
tobacco mosaic virus RNA, and _ biosynthetic 
ribo-polynucleotides (A. Rich). 


It appears from this that an AGUC polymer pre- 
pared from equimolar mixtures of the four nucleo- 
side diphosphates might have a nucleotide com- 
position very close to that of the RNA obtained 
from Azotobacter cells. 

X-ray Diffraction Patterns. Some of the bio- 
synthetic polymers can be stretched into fibers 
(19) from which Dr. Alexander Rich has ob- 
tained x-ray diffraction patterns suggesting a 
high degree of orientation (20). As shown in 
figure 7, single polymers, such as the A poly- 
nucleotide, give x-ray diffraction patterns which 
are very similar although not identical to those 
given by natural RNA. On the other hand, bio- 
synthetic polynucleotides containing both purine 
and pyrimidine bases, give patterns virtually 
identical to those of natural RNA. In figure 7 the 
patterns of the A and AU polymers are shown to- 
gether with that of a sample of tobacco mosaic 
virus RNA. Patterns similar to that given by the 
AU polymer have been obtained from AGUC. 


PHYSICAL PROPERTIES 


Ultracentrifugal studies by Dr. R. C. Warner 
in our laboratory suggest average molecular 
weights ranging from 50,000-350,000 for the bio- 
synthetic polynucleotides. These values are in 
the range of molecular weights determined for 
RNA from different sources by various investi- 
gators. Higher values, namely 570,000 and 
800,000 for an A and I polymer, respectively, 
were obtained by the method of light scattering 
(21). However, during the preparation of the 
latter polymers the equilibrium was shifted at 
various time intervals by supplementary addi- 
tions of nucleoside diphosphate to promote further 
synthesis. It is possible that polymers of large 
size are obtained by multiple additions of nucleo- 
side diphosphates. 

In table 2 the approximate average molecular 
weights (sedimentation) of some biosynthetic 
polymers are compared with the molecular 
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TABLE 2. APPROXIMATE MOLECULAR WEIGHT 


(MW) AND CHAIN LENGTH OF 
BIOSYNTHETIC POLYNUCLEOTIDES 


SYNTHESIS OF RNA-LIKE POLYNUCLEOTIDES 


























Sedimentation data* Ead-gros s 
Polymer 
. Approx. Av. Calc. 
Homogeneity iw howe MW 
A Monodisperse | 70,000} 230 /|70,000 
U Monodisperse | 70,000 
A and U Monodisperse |300,000 
mixed 
AU Polydisperse (300,000) 120 |40,000 
AGUC Polydisperse | 70,000} 30 | 9,000 
*R. C. Warner. t Data of J. D. Smith. 


weights calculated from the average chain-length 
as determined by end-group assays. It will be 
seen that while there is no discrepancy between 
the two values in the case of the A polymer, there 
are wide discrepancies in the case of the AU and 
AGUC polymers. Here the molecular weights 
calculated from chain length are much smaller 
than those calculated from sedimentation. 

The above discrepancies might be ascribed to 
branching of the polynucleotide chains but might 
also be due to aggregation of polynucleotide 
molecules. The latter is strongly suggested by 
the fact that when solutions of A and U polymer 
are mixed (table 2) a compound of much higher 
molecular weight is formed which sediments with 
a single boundary (22). The product of interac- 
tion appeared to be monodisperse as were the 
separate A and U polymers. On the other hand, 
both the AU and the AGUC polymers were poly- 
disperse. Interaction between the A and U poly- 
mers was also disclosed in electrophoresis ex- 
periments (22) in which the product migrated as a 
single component with a mobility intermediate 
between that of the A and U polymers. Dr. 
Warner has also established the occurrence of 
interaction by the marked decrease in optical 
density occuring at the peak of ultraviolet ab- 
sorption when the A and U polymers are mixed 
(22). Aggregation may occur through hydrogen 
bonding between appropriate pairs of bases as 
suggested for the double-stranded helical struc- 
ture proposed for DNA by Watson and Crick 
(23) on the basis of x-ray diffraction measure- 
ments. The average chain lengths of the A, AU, 
and AGUC polymers were widely different. The 
value of 30 residues obtained for AGUC falls 
within the limits of 12 and 53 residues found by 
Markham and Smith (24) for the chain-length of 
samples of yeast and turnip yellow mosaic virus 
RNA, respectively. 
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DISTRIBUTION OF POLYNUCLEOTIDE 
PHOSPHORYLASE 


Recent work indicates that polynucleotide 
phosphorylase is widely distributed in microor- 
ganisms. The enzyme has been found in extracts 
of a number of bacterial cells, whether aerobic or 
anaerobic, gram positive or gram negative (4). 
Data on the bacterial distribution of the enzyme 
are shown in table 3. It may be seen that Azo- 
tobacter vinelandii, the organism in which the en- 
zyme was first found, is the richest source. High 
activity is also exhibited by extracts of Staphylo- 
coccus aureus, Mycobacterium phlei and Micro- 
coccus lysodeikticus, as well as Escherichia coli, 
Bacillus cereus and Clostridium kluyveri. Not in- 
cluded in the table is the organism Alcaligenes 
faecalis, extracts of which are also very rich in 
polynucleotide phosphorylase. Dr. Manago has 
recently found the enzyme in yeast extracts (25). 
Among higher plants weak polynucleotide phos- 
phorylase activity has so far been found in am- 
monium sulphate fractions of spinach leaves (4). 

No unequivocal evidence has yet been ob- 
tained for the presence of the enzyme in extracts 
of animal tissues. Indirect evidence for its pres- 
ence in liver may be provided by Goldwasser’s 
finding (26) that AMP (5’-adenosine monophos- 
phate) is incorporated as such into the RNA of 
pigeon liver homogenates. Similar results have 
been obtained by Heidelberger, Potter and col- 
laborators with rat liver homogenates (27). Al- 
though these experiments do not show that 
adenylic acid is incorporated following its con- 
version to adenosine diphosphate, this would not 
appear unlikely as the experimental conditions 
favored the formation of adenosine polyphos- 
phates by oxidative phosphorylation. In animal 


TaBLE 3. POLYNUCLEOTIDE PHOSPHORYLASE 
IN BACTERIAL EXTRACTS 


(D. 0. BRUMMOND) 


(Relative activity per mg. protein) 


A. vinelandit 100 
Mycobact. phlei 55 
M. lysodeikticus 42 
E. coli (Crooks) 25 
E. coli (4157) 35 
Staph. aureus (Duncan) 75 
Strep. haemolyticus 15 
Strep. faecalis 2 
Strep. lactis R. 10 
Pneumococcus (type IIT) 7 
B. cereus 25 
Cl. kluyvert 25 
Corynebact. diphtheriae 5 


not detected 
not detected 


Cl. acetobutylicum 
L. arabinosus 
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tissues the enzyme might be present in very small 
amounts. It would not be surprising that rapidly 
proliferating cells would contain larger amounts 
of polynucleotide phosphorylase than cells that 
do not multiply rapidly. 


CONCLUDING COMMENTS 


Present information on structure, size, x-ray 
diffraction pattern, and behavior toward dif- 
ferent enzymes indicates that the polynucleotides 
synthesized by polynucleotide phosphorylase 
from 5’-nucleoside diphosphates are closely re- 
lated to RNA. Indeed the AGUC polymer, i.e. 
the one containing adenylic, guanylic, uridylic, 
and cytidylic acid residues, appears to be indis- 
tinguishable from native RNA. The available 
evidence indicates that these polynucleotides 
consist of 5’-nucleoside monophosphate units 
linked to one another through 5’-, 3’-phosphori- 
bose diester bonds and that the chains are 
terminated by a phosphate group esterified at 
carbon 5’ of the nucleoside moiety. This is what 
would be expected from the fact that the bio- 
synthetic polynucleotides are polymers of 5’- 
nucleoside monophosphate units resulting from 
the splitting of orthophosphate from 5’-nucleo- 
side diphosphates. As already mentioned the 
polynucleotide chains of certain plant viruses 
have the same structure but in other cases (yeast 
RNA, turnip yellow mosiaic virus RNA) the 
chains appear to be terminated by a phosphate 
group esterified at carbon 3’ of the nucleoside 
moiety (14, 24). However, as pointed out by 
Brown and Todd (12), it is difficult to decide 
whether this was the structure of the intact poly- 
nucleotide chain in the cell since nucleic acids are 
subject to degradation by enzymatic or chemical 
action during extraction. It may be seen on in- 
spection of the diagrams of figures 2 and 4 that 
such degradation, if due to ribonuclease, to 
phosphodiesterases of the spleen type, or to 
alkali or acid (28) would lead to chains terminated 
by a phosphate group esterified at carbon 3’ of 
the ribose moiety. 

Smellie’s data on the nucleotide composition 
of the AGUC polynucleotide suggest that if the 
polymer were made from equimolar concentra- 
tions of the four nucleoside diphosphates, its 
nucleotide composition would be identical to that 
of Azotobacter RNA. It may be added that the 
analogy between Azotobacter RNA and the AGUC 
polymer synthesized by the Azotobacter enzyme is 
also found with regard to molecular weight. 
Measurements by Dr. Warner gave a sedimenta- 
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tion constant for Azotobacter RNA only slightly 
lower than that of the AGUC polynucleotide. 

In view of the fact that ribonucleic acids ap- 
pear to be involved in protein synthesis and of 
the widely held idea that they may provide 
templates for the synthesis of specific proteins, 
the problem as to the specificity or otherwise of 
RNA and the manner in which specific nucleic 
acids could be synthesized is of considerable 
importance. The only case where specificity of 
RNA is well established is in plant viruses. 
Magasanik (29) has emphasized the fact that 
different viral species contain RNA of charac- 
teristically different composition while different 
strains of the same species possess RNA of 
identical nucleotide composition. Furthermore, 
even ribonucleic acids of the same nucleotide 
composition may exhibit specificity of function, 
This has been elegantly illustrated by recent work 
of Fraenkel-Conrat (30) showing that hybrid 
tobacco mosaic virus, reconstituted from protein 
and RNA components of different strains, pro- 
duced lesions characteristic of the strain possess- 
ing the RNA present in the reconstituted virus. 
Moreover the hybrid viruses yielded a progeny 
containing both the protein and the RNA of the 
strain from which the RNA in the mixed virus 
was derived. 

The question whether enzymes similar to 
polynucleotide phosphorylase are concerned 
with the synthesis of deoxyribonucleic acids is of 
great interest in view of the specific genetic 
functions of DNA (81). No answer can as yet be 
given to this question although the problem is 
under investigation in several laboratories. It has 
been shown (32, 33) that the 5’-di- and triphos- 
phates of deoxyadenosine, deoxycytidine, and 
thymidine are formed in liver homogenates by 
phosphorylation of the corresponding 5’-nucleo- 
side monophosphates. Drs. Brummond and 
Smellie (unpublished) have recently found that 
ammonium sulfate and ethanol fractions pre- 
pared from Azotobacter extracts contain enzymes 
catalyzing the transfer of phosphate from ATP 
or ITP to 5’-deoxyadenosine and 5’-deoxycytidine 
monophosphate; both deoxyribonucleoside di- 
and triphosphates are formed. These reactions 
appear to involve phosphate transfer from ATP. 
The occurrence of the mono-, di-, and triphos- 
phates of thymidine and deoxycytidine in thymus 
extracts has also been reported (34). These ob- 
servations would lend support to the view that 
the deoxyribosnucleoside diphosphates may be 
precursors of DNA. Recent observations or 
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Kanazir (35, 36) may also be of significance in 
this connection. Ultraviolet irradiation of £. 
coli, a treatment which results in an immediate 
and complete block of DNA synthesis, led to 
accummulation of ATP and other acid-soluble 
products in the cell including thymidylic, and 
possibly deoxyguanylic and deoxycytidylic acids. 
These results would implicate the deoxyribonucle- 
otides as precursors of DNA if it be assumed (37) 
that blockage of DNA synthesis leads to accu- 
mulation of its more immediate precursors. 

More direct support for the involvement of 
5'-deoxyribonucleoside polyphosphates in DNA 
biosynthesis is provided by recent studies of 
Kronberg ef al. (38). These workers have re- 
ported the formation of a thymidylic acid poly- 
nucleotide on incubation of EF. coli enzyme frac- 
tions with C'4-thymidine and ATP; the reaction 
appears to involve 5/-thymidine polyphosphates. 
The operation of a similar mechanism in vivo 
is suggested by the finding of Price et al. (39) 
that when £. coli is grown in the presence of 5- 
bromouracil (a thymine analog) and P*?-ortho- 
phosphate, the specific P*?-activity of the 5’- 
bromouridylic acid isolated from the DNA is as 
high as that of the intracellular orthophosphate 
itself. This result is interpreted to mean that 
5-bromouracil is incorporated into DNA as 
deoxy bromouridine-5’-phosphate. 

Little is as yet known of the mechanism of ac- 
tion of polynucleotide phosphorylase. The ques- 
tion of whether the enzyme, in analogy with 
muscle phosphorylase, can only add nucleotide 
units to a pre-existing polynucleotide chain, i.e. 
whether the enzyme requires a primer, or 
whether it can build a polynucleotide chain 
starting from a mixture of nucleoside diphos- 
phates is undoubtedly of interest. No definite 
answer can yet be given to this question and 
studies aimed at elucidating this point may have 
to await further purification of the enzyme. 


The author is greatly indebted to all of those 
who have participated in this work, notably Drs. 
M. Grunberg-Manago, L. A. Heppel, J. D. Smith, 
R. C. Warner, A. Rich, D. O. Brummond, R. M. 8. 
Smellie, and Miss P. J. Ortiz. He is also indebted 
to Dr. M. Staehelin, Dr. S. Mii, and Mr. M. C. 
Schneider for their help in some phases of this 
investigation. Thanks are also due to Drs. Heppel, 
Smith, Warner, Rich, Brummond, and Smellie 
for generous permission to present some of their 
unpublished data in this paper. The work pre- 
sented here owes much to Dr. Heppel’s keen 
interest and stimulating discussions with the 
author. 
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STUDIES ON STRUCTURE OF RIBONUCLEASE 


Stanrorp Moors, C. H. W. Hirs anp Wiiuiam H. STEIN 


From the Rockefeller Institute for Medical Research, New York City 


; oe PRESENT REPORT will be limited to a re- 
view of the main steps in the study of the struc- 
ture of ribonuclease and the results that have 
been obtained thus far. In a brief talk we cannot 
acknowledge in detail the stimulus which this 
research has received from the several structural 
studies on peptides and proteins which have been 
completed within the past few years. These in- 
vestigations include, of course, the classic work of 
Sanger and his associates on insulin, and the re- 
searches of du Vigneaud and his colleagues on 
oxytocin and vasopressin, Craig and associates 
on antibiotic peptides, and Bell et al., White and 
Landmann, and Li et al. on corticotropins. 
Preparation of Ribonuclease. A relatively 
heat-stable enzyme capable of digesting yeast 
nucleic acid was shown to be present in pancre- 
atic extracts by Jones in 1920 (1). Dubos and 
Thompson (2) partially purified the enzyme by 
the use of heat-denaturation and acetone pre- 
cipitation to remove less stable proteins. Kunitz 
(3) isolated the protein in crystalline form from 
beef pancreas in 1940, primarily by means of 


fractional precipitation by (NH4)2SO.. The en- 
zyme proved to be a small protein with a molecu- 
lar weight of about 15,000 and an isoelectric 
point near pH 8. 

With the advent of improved chromatographic 
techniques, ribonuclease was one of the first pro- 
teins to be examined chromatographically. 
Martin and Porter (4) in England employed 
liquid-liquid chromatography, and Hirs, Moore, 
and Stein (5, 6) examined preparations on 
columns of a polycarboxylic acid resin, IRC-50. 
Both techniques were capable of removing de- 
tectable amounts of impurities from crystalline 
ribonuclease prepared by the method of Kunitz 
(3) and McDonald (7). Evidence was also ob- 
tained for the occurrence of a small amount of 
another ribonuclease in pancreas (4, 6). The pre- 
dominant enzyme, ribonuclease A, was prepared 
in chromatographically homogeneous form (fig. 
1), and the amino acid composition of the protein 
was determined using this sample (8). Subsequent 
structural work was done on commercially pre- 
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pared material which assayed at least 93% 
ribonuclease A by chromatographic analysis. 

Amino Acid Composition. The analyses (8) 
were performed upon 2 mg samples hydrolyzed 
for 20 hours and 70 hours in order to obtain, by 
extrapolation to zero time, corrected values for 
those amino acids that decomposed measurably 
under the hydrolytic conditions. The hydroly- 
sates were analyzed by chromatography on 
columns of Dowex 50-X4 (9), as illustrated in 
figure 2. Cystine was determined independently 
as cysteic acid by the procedure of Schram, 
Moore and Bigwood (11). The protein does not 
contain detectable quantities of tryptophan. In 
general, the amino acid analyses by the chromato- 
graphic methods were in good agreement with 
the earlier findings of Brand (12), except for 
leucine and alanine. Assuming a molecular weight 
of about 14,000, integral molar ratios were ob- 
tained for most of the amino acids. 

The analytical results (8) have had to be re- 
vised slightly in the light of subsequent structualr 
studies (10), which have indicated that the cor- 
rections that were applied to compensate for the 
decomposition of proline and aspartic acid led to 
values which were high by one residue each. It is 
now quite certain that the empirical formula for 
ribonuclease (table 1) in terms of 124 amino acid 
residues is: Aspis Glusz Glys Alay: Valy Leus 
Ileus Ser;; Thrio (Cys-)s Met, Pro, Phe; Tyre 
His, Lysio Argy (—CONH)):7. This formula leads 
to a calculated minimum molecular weight oJ 
13,683. 
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Fic. 1. Chromatographic homogeneity of ribo- 
nuclease A prepared by passage over IRC-50 (6). 
Sample, ca. 8 mg. Column, 0.9 x 30 cm. IRC-50 
buffered at pH 6.47 (0.2 M sodium phosphate). 
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Several attempts to confirm the reported (13) 
presence of sulfhydryl groups in ribonuclease 
have not been successful (14-18). It is assumed, 
therefore, that four disulfide bridges are present, 
as postulated in 1954 by Anfinsen, Redfield, 
Choate, Page and Carroll (14), who also demon- 
strated, by the dinitropheny] technique of Sanger 
(19), that ribonuclease consists of a single peptide 
chain with the sequence Lys.Glu.Thr.Ala- at the 
amino-terminal end. You will note several 
references in this discussion to the work of Dr. 
C. B. Anfinsen and his associates in Bethesda. 
Our respective laboratories have been aiming at 
some of the same answers using somewhat dif- 
ferent approaches, and it has been both profit- 
able and pleasurable to share our findings as we 
go along. 

Cleavage of —S—S— Bridges by Oxidation. 
Following the general procedure utilized by 
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Fie. 2. Amino acid composition of an acid 
hydrolysate of ribonuclease A chromatographed 
on a 0.9 x 150 cm. column of Dowex 50-X4 (8, 9). 
The sample was 2 mg. of protein, hydrolyzed for 
70 hours with 0.5 ml. of 6 N HCl. 
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TABLE 1. AMINO ACID COMPOSITION OF following discussion refer to these oxidized forms, 

bdisiat a9 RIBONUCLEASE* No other amino acids are affected by the oxida- 

Nias | No. tion, although precautions are required to pre- 

os ay soe | Faring Pe —* vent alteration of tyrosine (20, 21). Ribonuclease, 

: j “< pagal — fortunately, does not contain tryptophan, which 

| 13,683) | 13,683) would be oxidized by performic acid, and further 

wit saa gg study is required before it will be possible to 

Aspartic acid 15 | Methionine . rupture specifically the disulfide bridges in pro- 

Glutamic acid | 12 Proline 4 : ite 

Glycine 3 | Phenylalanine 3 teins that contain tryptophan. 

Alanine 12 | Tyrosine 6 Tryptic Hydrolysis. As the first step in the 

Valine | 9 | Histidine 4 determination of the sequence of amino acids in 

Leucine 2 | Lysine | ) the A and B chains of insulin, partial hydrolysis 

ae g Ae ik ah by HCl was utilized by Sanger and Tuppy and 

Threonine 10 | Thompson (22, 23). As Sanger has pointed out 

Half-cystine 8 | Total number | 124 (19), however, it is doubtful whether random 


of residues 





* Ribonuclease from beef pancreas; from (9), 
as revised in (10). 


Sanger (19) in his studies of insulin, the disulfide 
bridges in ribonuclease have been split by oxida- 
tion with performic acid (20). Although the oxida- 
tion does not serve to separate different peptide 
chains, as it does with insulin (19), the single 
folded chain of ribonuclease is opened up into a 
linear form which facilitates hydrolysis by prote- 
olytic enzymes. In addition, the interpretation of 
the results of such cleavage is easier, if the 
—S—S— bridges are eliminated. Performic acid 
converts the half-cystine residues to cysteic acid 
residues, and the methionine residues to the 
sulfone. The abbreviations Cys- and Met in the 


Fic. 3. The peptides in a 
20-hour tryptic hydrolysate of 


partial hy droly sis by concentrated HCl could be 
used effectively with much larger molecules. The 
complex mixture of peptides which would result 
from the partial acid hydrolysis of a protein of 
the size of ribonuclease would be very difficult to 
fractionate, and deduction of a unique sequence 
for the parent molecule becomes increasingly 
difficult as the number of small peptides in the 
partial hydrolysate increases. Proteolytic en- 
zymes, on the other hand, because of their 
specificity, are capable of cleaving a protein into 
a limited number of fragments. Enzymes were 
used by Sanger and his associates (22, 23) for 
the elucidation of parts of the structure of in- 
sulin, and have subsequently been employed by 
Bell (24), White and Landmann (25) and Li 
et al. (26) in their investigations of the structure 
of ACTH. 
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Of the readily available proteolytic enzymes, 
trypsin possesses the sharpest specificity, as 
Bergmann, Fruton and Hofmann (cf. 27) demon- 
strated by the use of synthetic substrates. 
Trypsin might be expected to hydrolyze oxidized 
ribonuclease at the peptide bonds involving the 
carboxyl groups of the 10 lysine and 4 arginine 
residues present in the molecule (table 1) to 
yield 14 or 15 fragments. Whether or not free 
lysine would be cleaved from the amino-terminal 
position could not be foretold with assurance. 

Accordingly, oxidized ribonuclease was hy- 
drolyzed by trypsin at pH 7.0 (10), and the 
products formed were separated by ion exchange 
chromatography on columns of Dowex 50-X2 
(fig. 3). These columns permit the isolation of 
10-50 mg quantities of peptides, which can be 
rendered salt-free, if necessary. As a first step, 
quantitative amino acid analyses were performed 
on an aliquot (about 1/10th) of the material in 
each peak, and the results were particularly in- 
formative in deciding whether or not a single 
peptide was present. A reasonably well purified 
peptide should contain only a limited number of 
amino acids in quantities that give integral molar 
ratios. When more complex mixtures are chro- 
matographed, it may become necessary to em- 
ploy paper chromatography or zone electro- 
phoresis as additional tests of homogeneity. The 
amino acid analyses were originally performed by 
the method previously described (9, 20). At 
present, automatic recording equipment de- 
scribed at this meeting by Spackman, Stein and 
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The amino acid analyses showed that mixtures 
of peptides were present in the zones marked 
2, 3, 4, and 13 + 14 (fig. 3), and upon rechro- 
matography, four additional pure peptides were 
obtained. A fifth, peptide 16, referred to in the 
legend to figure 3, contained 20 residues but was 
devoid of lysine or arginine, and therefore repre- 
sented the segment liberated from the carboxy]- 
terminal portion of the chain. In all, 13 principal 
peptides were isolated which accounted exactly 
for a molecule of 124 amino acid residues. Two 
lysyl bonds were not split by trypsin, one at the 
amino terminal position (peptide 10), and one 
in peptide 9, which may be a trypsin-resistant 
—lysylprolyl— bond (cf. 24). Peptide 10 serves 
to extend the known sequence at the amino- 
terminal end to seven residues (10). The percent- 
age yields of each of the peptides per molecule of 
ribonuclease (cf. fig. 3) were calculated from the 
amino acid analyses on the assumption that the 
sequence represented by a given peptide occurred 
only once in the protein molecule. 

The compositions of the peptides, and the high 
yields in which they were isolated, indicate that 
transpeptidation is not occurring and will not 
complicate the interpretation of the results ob- 
tained when trypsin is used as a reagent for the 
specific cleavage of the protein. To determine the 
order in which these 13 peptides are linked to- 
gether, it is clearly necessary to learn the nature 
of the products formed when oxidized ribo- 
nuclease is hydrolyzed by an enzyme with a 
different specificity. 
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graphic separation of the peptides liberated by 
the action of chymotrypsin is illustrated in 
figure 4 (29). The enzyme is less specific than 
trypsin, and the resulting mixture is more 
complex. Bergmann and Fruton (cf. 30) showed 
that chymotrypsin hydrolyzes preferentially pep- 
tide bonds involving the carboxyl groups of 
phenylalanine and tyrosine, and this fact is borne 
out by the data in figure 4. Amino acid analyses 
indicated the presence of mixtures of peptides in 
the regions of the curve marked 4 + 5, 11 + 12, 
and 14 + 15 + 16. These were separated by 
rechromatography under different conditions of 
pH and temperature (29). 

In all, 18 purified peptides, containing from 3 
to 27 amino acid residues each, were isolated from 
the chymotryptic hydrolysate in yields of from 6 
to 80%. The 6 tyrosine residues and the 3 phenyl- 
alanine residues shown by analysis to be present 
in the protein were obtained in eight peptides 
isolated in good yield. One of the peptides con- 
tained two tyrosine residues and also a proline, 
indicating that the chymotrypsin resistant tyro- 
syl bond might be —Tyr.Pro—. Because the 18 
peptides obtained add up to considerably more 
than 124 residues, some of the fragments isolated 
in low yields must represent overlapping peptides 
from the same section of the ribonuclease chain. 
For reasons such as these, the data obtained after 
chymotryptic hydrolysis are more difficult to 
interpret than were those secured after the ac- 
tion of trypsin. The results provide, however, the 
principal information which makes it possible to 
determine the order in which the 13 segments ob- 
tained by tryptic hydrolysis are linked together. 

Peptic Hydrolysis. Additional data have also 
been secured through the use of a third enzyme 
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From the mixture obtained by the hydrolysis of 
oxidized ribonuclease by pepsin, eight peptides 
have been separated in yields of 10-100% by 
Bailey et al. (31; fig. 5). However, less than 60% 
of the 124 amino acid residues in the protein 
have been accounted for in terms of two tetra-, 
two penta-, one hexa-, and one octapeptide, and 
two larger fragments of 12 and 43 amino acid 
residues. The largest peptide was isolated by 
chromatography on IRC-50 (31) rather than on 
Dowex 50-X2. Pepsin appears to cleave a con- 
siderable number of peptide bonds in ribo- 
nuclease, and is less specific than is either trypsin 
or chymotrypsin. Taken in conjunction with the 
other data, however, the results obtained with 
pepsin have been helpful in the derivation of the 
structure of several sections of the ribonuclease 
molecule. 

A Partial Structural Formula. A consideration 
of the findings discussed above has made it pos- 
sible to propose as a working hypothesis a formu- 
lation that shows the manner in which the 
peptides produced by the action of trypsin, chy- 
motrypsin and pepsin are joined to one another in 
the original molecule of oxidized ribonuclease 
(29). In the derivation of this scheme (fig. 6), 
certain assumptions have been made. The amino 
acid residues in oxidized ribonuclease are pre- 
sumed to be linked in a single unbranched chain 
containing peptide bonds between only a-amino 
and a-carboxyl groups. The evidence for a single 
chain has been presented by Anfinsen et al. (14), 
and there is thus far no evidence that branching 
occurs. It has also been assumed that in peptides 
resulting from the specific enzymatic action of 
trypsin, lysine or arginine, if present, occupies the 
.carboxyl-terminal position, and that tyrosine or 
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phenylalanine, if present in peptides formed by 


the action of chymotrypsin, is carboxyl-terminal. 
If these assumptions are incorrect, this should 
become apparent during the derivation, for it 
should not then be possible to derive a unique 
formula consistent with all of the experimental 
data. For convenience, the numbered peptides 
from the three series of experiments on the oxi- 
dized protein are preceded by the abbreviations 
0-Tryp, O-Chy, and O-Pep. Residues in paren- 
theses are of undetermined order. 

In deriving the arrangement shown in figure 6, 
it is simplest from the point of view of exposition 
to start at the amino-terminal end of the chain 
and to proceed stepwise toward the carboxyl- 
terminal end, linking, in appropriate order, the 
thirteen peptides obtained by tryptic hydrolysis. 

First of all, it is known that the heptapeptide 
sequence Lys.Glu.Thr.Ala.Ala.Ala.Lys—(O-Tryp 
10) occurs at the amino-terminal end of the 
molecule (10, 14). An octapeptide corresponding 
in amino acid composition to O-Tryp 10 plus one 
residue of phenylalanine has been isolated from 
both the chymotryptic (O-Chy 25) and peptic 
(O-Pep 9) hydrolysates. From the composition of 
0-Chy 25, and O-Pep 9, phenylalanine must oc- 
cupy the eighth position in the chain. The second 
0-Tryp segment in the sequence must, therefore, 
contain a phenylalanine residue in the amino- 
terminal position. There are only three phenyl- 
alanine residues in ribonuclease, which are present 
in O-Tryp 9, 15, and 16. Because it contains no 
lysine or arginine, O-Tryp 16 must be the car- 
boxyl-terminal section of the molecule and cannot 
follow O-Tryp 10. In O-Tryp 9, phenylalanine has 
been found not to be amino-terminal by the 
DNP-technique of Sanger, so that by elimination, 
the tripeptide O-Tryp 15 follows O-Tryp 10, and 
the known sequence at the amino-terminal end of 
the ribonuclease chain is extended to ten residues 
by —Phe.Glu.Arg—. 

The peptide of the chymotrypsin series that 
follows O-Chy 25 must contain the sequence 
—Glu—Arg— at the amino-terminal end. Four 
0-Chy peptides contain glutamic acid and 
arginine residues, O-Chy 14, 21, 22, and 27. Of 
these four possibilities, two can be eliminated by 
showing that, if they were placed in this position, 
no remaining peptide of the trypsin series could 
possibly follow directly after O-Tryp 15. For 
example, O-Chy 27 is a decapeptide that contains 
lysine in addition to arginine. If it followed 
0-Chy 25, it would have to extend through one 
complete lysine-containing O-Tryp peptide of 
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eight or less residues (O-Tryp 5, 6, 8, 11, or 14), 
or one of the two lysine residues of the longer 
peptide O-Tryp 9. Simple consideration of the 
quantitative amino acid composition of each of 
the peptides concerned shows that none of these 
combinations is permissible. O-Chy 14 can be 
excluded on similar grounds, leaving only O-Chy 
21 and 22 as possibilities. These two peptides, 
obtained in yields of 35 and 25% respectively, 
contain 10 residues in common, and it has been 
concluded that they come from the same portion 
of the chain (29). Accordingly, they are placed in 
the manner indicated in figure 6. 

The presence of six serine residues in O-Chy 22 
requires the same number in the peptide of the 
O-Tryp series that follows O-Tryp 15. O-Tryp 4 is 
the only peptide fulfilling this requirement and 
must be the next segment in the chain. 

In a similar manner, which time does not 
permit us to set forth here, by alternating be- 
tween the peptides of the trypsin and the chymo- 
trypsin series, it has been possible to extend the 
analyses systematically to the end of the chain 
(26). The independent data of Anfinsen and 
Redfield (32) on the occurrence of the sequence 
—Leu.Thr.Lys.Asp.Arg— have helped to estab- 
lish the sequence of nine residues embracing 
O-Tryp 12, 11, and 7, which otherwise would 
have required additional amino-end group 
analyses. When we reach the carboxyl-terminal 
segment of the molecule (O-Tryp 16), the data of 
Anfinsen and his associates have again been used 
to assign O-Chy 4 to the end position. They 
found, by the use of carboxypeptidase, that 
valine is the carboxyl-terminal residue (14), and 
also showed that the terminal tetrapeptide had 
the structure —Asp.Ala.Ser.Val (32). 

A tentative placement! of amide groups has 





1The tentative nature of the allocation of 
glutamine and asparagine residues is emphasized 
by the fact that on the basis of further considera- 
tions, the amide group initially attributed to 
O-Tryp 15 (10, 29) has been deleted in figure 6. 
The stabilities of O-Chy 21 and 22 indicate that 
they probably do not contain an amino-terminal 
glutamine residue, which would tend to undergo 
cyclization to a ninhydrin-negative pyrrolidone- 
carboxylic acid derivative, as has been found to 
occur with O-Chy 2 (fig. 4). In addition, subse- 
quent preparations of O-Tryp 15 have given 
nearly NH;-free acid hydrolysates. The probable 
number of amide groups per molecule has been 
kept at 17 (table 1) by increasing the number of 
amide groups in O-Tryp 9 to 4, in line with the 
analytical results obtained with that peptide 
(10). 
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been undertaken by attributing to each peptide 
in figure 6 the number of amide groups corre- 
sponding approximately to the quantity of NH; 
found in the hydrolysates of the individual pep- 
tides of the trypsin and chymotrypsin series (29). 

It should be emphasized that the formula 
shown in figure 6 is a working hypothesis, al- 
though it accommodates satisfactorily all of the 
data that have been accumulated. None have 
been omitted. Strong support for the scheme is 
provided by the results of experiments in which 
the large peptides of the trypsin series, O-Tryp 4, 
9, 2, and 16, have been hydrolyzed by chymo- 
trypsin. The sub-fragments formed were sepa- 
rated chromatographically, and their amino acid 
composition determined as before. The results 
were in agreement with those to be expected on 
the basis of the scheme shown in figure 6. For 
example, three peptides were obtained by chymo- 
tryptic hydrolysis of O-Tryp 4. One was identical 
in chromatographic behavior and amino acid 
composition to O-Chy 11. The other two had the 
composition Asp, Glu, Sers, Met, His, and Cys, 
Asp, Glu, Mets, Lys, respectively. 

Completion of the formula requires working 
out the sequence of each set of residues in paren- 
theses, none of which is larger than eight residues. 
This task is currently being undertaken by the 
use of chemical and enzymatic methods. 

Before a complete structural formula for native 
ribonuclease can be written, it is also necessary 
to establish the position of the four disulfide 
bridges now thought to be present in the native 
protein. The problem is similar to that solved for 
insulin by Sanger and his associates (33). In 
order to permit the isolation of cystine peptides, 
the behavior of the unoxidized protein towards 
proteolytic enzymes is being studied. The prod- 
ucts of the cleavage of the active enzyme are also 
being investigated in several laboratories, in 
order to determine whether any portion of the 
molecule can be shown to be directly concerned 
with its catalytic action on ribonucleic acid. The 
partial structural formula in its present form is 
helpful in such endeavors, and also in research on 
the physical structure of the protein. 
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Fig. 6. A partial structural formula for oxidized ribonuclease (29). The amino acids are arranged 
in a single chain of 124 residues, the formula for which has been derived from the results of the stud- 
ies of the peptides liberated by tryptic, chymotryptic and peptic hydrolysis. The sequences of the 
amino acid residues in parentheses are undetermined. In the oxidized protein each half-cystine residue 
in the original protein is present as a cysteic acid residue, and each residue of methionine as the sul- 
fone. The —NHe2 symbol above an aspartic or glutamic acid residue indicates the tentative allocation 
of an asparagine or glutamine residue to this position. The points of cleavage by trypsin are indicated 
by the solid line, of chymotrypsin by the dashed line, and of pepsin by the dotted line. 
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INTRODUCTORY REMARKS 


I. IS IMPROBABLE that any symposium on the 
teaching of biochemistry would fail to consider 
the Report of the First Teaching Institute of the 
Association of American Medical Colleges. The 
Institute met here in Atlantic City in October 
1953 and concerned itself with physiology, bio- 
chemistry and pharmacology. Some of us who 
are here today had the pleasure and stimulating 
experience of participating in the work of the 
Institute. Valuable as was the Institute, I am 
certain that none of us harbored the illusion that 
it answered all the questions which concern the 
teaching of biochemistry. It was oriented 
definitely toward medical education and studied 
essentially the place of biochemistry and of two 
of the closely related preclinical sciences in the 
medical school and their relationships toward 
each other. 

But the place of biochemistry in the scheme of 
things reaches out beyond the medical school. A 
goodly number of students from the biological 
sciences and from chemistry come to us year 
after year as undergraduates or as candidates for 
advanced degrees. Others are interested voca- 
tionally in the curricula of schools of agriculture, 
of veterinary medicine, and of nutrition and 
public health. Does this mean that our academic 
institutions must be prepared to multiply their 
departments of biochemistry? Does it mean that 
more and more curricula must be prepared and 
that special kinds of biochemistry must be 
taught to meet the presumed needs of students 
with different backgrounds of training and with 
different vocational objectives? Does this mean 
that biochemistry must continue to be dominated 
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both administratively and, perhaps, in its teach- 
ing philosophy by schools of medicine? Has the 
time come for a new orientation of biochemistry 
within our universities—an arrangement both 
administrative and instructional which permits 
and encourages the presentation of the subject 
matter as that of a pure science? May this be 
accomplished without failure to do justice to our 
responsibilities to the applied fields? It is worthy 
of note “that physiological chemistry as started 
at Yale was not primarily connected with a 
medical school, but was an integral part of a 
general biological course without limitation on 
the direction or character of its possible develop- 
ment.? 

The crux of this perennial problem is always 
to so improve our teaching and our definition of 
the subject matter that the biochemists who 
emerge from our universities may have a top 
quality training for this ever-new world. If their 
ultimate interests direct them principally toward 
research, they must have developed a solid 
foundation in chemistry and in one or more of 
the cognate sciences. They must have had the 
thrill of discovery and the invaluable experience 
of experiment design. If they are to practice 
medicine, the students’ training in the subject 
must be such that the place of chemistry and of 
biochemistry in diagnosis, in internal medicine, 
in surgery and in many of the medical specialties 
may never cease to be recognized and appreciated. 

The important question of horizontal integra- 
tion with the other pre-clinical sciences, and of 
vertical integration with the clinical sciences can 
hardly escape consideration. This is an aspect of 


2 CHITTENDEN, R. H. American Society of Bio- 
logical Chemists, 1906-1931. Baltimore: 1945. 
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medical education which is fresh and provoca- 
tive. Perhaps it is allied to another problem 
equally fascinating in its philosophy and its 
implications—that of project teaching. The ex- 
perimental sciences are learned through the eyes 
and the fingers, and the value of laboratory in- 
struction may hardly be overestimated. Project 
teaching has become increasingly popular in 
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pharmacology and I hope that some of our 
participants in today’s symposium may have 
cause to report upon its possibilities in bio- 
chemistry. 

Whatever may be the facets selected for con- 
sideration by our speakers, I know that we shall 
be alerted to these and related problems which 
concern the teaching of biochemistry. 


PRELIMINARY SURVEY OF THE TEACHING OF BIOCHEMISTRY 
IN THE UNITED STATES 


BENJAMIN HARROW 


From the Department of Chemistry, College of the City of New York, New York City 


I. THE LAST FIFTY YEARS the subject of bio- 
chemistry has undergone profound changes. What 
effect have such changes had on the teaching of 
the subject? 

This report describes the results of a prelim- 
inary survey made possible by a grant from the 
National Science Foundation. A more detailed 
discussion is to be found in a report submitted to 
the Foundation. 

Altogether, some 17 institutions have been 
visited in New York, New Jersey, Connecticut 
and in Massachusetts. In terms of teaching, these 
institutions include the following schools: under- 
graduate, 8; graduate, 13; medical, 10; dental, 5; 
agricultural, 1; home economics, 2. 

Judging by publishers’ lists of biochemical 
texts which are in current use, it would be difficult 
to name a reputable undergraduate college in 
which some course in biochemistry is not offered. 
There is no graduate school of any consequence 
in which this is not true. And, of course, there are 
biochemical courses offered in medical, dental and 
agricultural schools, and schools of home eco- 
nomics. 

As might be anticipated, the variations in 
content are considerable: from the most ele- 
mentary to the most rigorous. There are consid- 
erable variations as to the qualifications of the 
staff: some as scholars are superb; a few excel as 
teachers. The physical equipment varies, too: in 
quite a number of places the latest devices used 
in instrumental analysis are abundant and rep- 
resent an outlay of many thousands of dollars. 

The Course. The course is the introductory one 
to the subject, whether at the undergraduate, 


professional or graduate level. Since many of the 
graduate courses in biochemistry are attached to 
the biochemical departments of the medical 
schools, and, since, as a rule, medical and gradu- 
ate students are required to take the same intro- 
ductory course, the survey becomes more limited. 

It can be stated at the outset that the lecture 
topics do not vary very much, though, of course, 
the details will, depending upon the instructor, 
the time available, etc. There is a tendency in 
some quarters to depart from the sequence—his- 
torically and somewhat accidentally adopted— 
carbohydrates, lipids and proteins, and start a 
discussion with a study of the properties of the 
proteins. The reason advanced is that the pro- 
teins offer an opportunity for a discussion of 
physico-chemical principles which, a number 
believe, cannot come too early in the course, 
Furthermore, the proteins offer a stepping stone 
for a discussion of enzymes which, again, cannot 
be presented too early, since a study of the en- 
zymes and enzyme mechanisms is at the heart of 
the subject itself. 

When it comes to the matter of the laboratory, 
the variations in different institutions are con- 
siderable. In the first place, while there are several 
laboratory manuals on the market, relatively few 
instructors use them, except as reference books; 
instead, they prepare their own mimeograph 
sheets for students’ use. And while some attempt 
is made to correlate the lectures with the labora- 
tory work, this is often so difficult that some have 
abandoned the attempt entirely. Here the con- 
tent is regulated by the staff (as, indeed, 3s 
largely true with the lectures). 

Graduate students, particularly those regis- 
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tered for the Ph.D. degree, are relatively few; the 
numbers run from 5-12 at any one institution. 
And it is here at this level that much encourage- 
ment and stimulation must be given if the future 
of biochemistry is to continue to expand at an 
accelerated rate. 

The requirement for admission to the intro- 
ductory course in biochemistry is, as a rule, a 
one-year course in organic chemistry. Of course, 
organic chemistry presupposes general chem- 
istry, and almost always the student has had some 
elementary course in biology. But nevertheless, 
the basic requirement for entrance is organic 
chemistry. Many of the instructors would like to 
see physical chemistry added to this requirement. 

The Lectures. At the undergraduate level, the 
lectures are almost invariably given by one man. 
At the professional (and also graduate) level, the 
lectures are almost invariably given by several 
men—from 5 to 8 to 10, and more—representing 
members of the staff. In extensive discussions 
with staff members, it became clear that there 
were advantages and disadvantages to both 
systems. With but one lecturer, if he be a poor 
one, the course can be easily ruined, and pro- 
spective biochemists can be lost. Of course, if he is 
an able man who knows his work and has those 
mystic qualities which go under the name of 
‘inspirational’, then the reverse is true. Further- 
more, a certain continuity is obtained when just 
one man is responsible. 

The other side of the picture is presented in 
some such way as this: biochemistry has become 
vast, and no one man can explore its many rami- 
fications. In the professional schools there are 
usually six or more men on the staff, each of 
whom is a specialist in some one sector; why not 
make use of their qualifications? And indeed, 
why not give them an opportunity? As for the 
continuity being threatened, and, above all, as 
for the desire of each specialist to cover all he 
knows within a limited time, this can be largely 
overcome by encouraging—and sometimes re- 
quiring—all members of the department to 
attend one another’s lectures, and by frequent 
conferences among the staff for the purpose of 
constructive criticism. 

While the problem has not been solved to the 
satisfaction of all concerned, there is no question 
anywhere that, insofar as the graduate student is 
concerned, once he has completed his introduc- 
tory course, he should be subjected constantly to 
the combined talents of the entire staff. 

There is another problem which has become 
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acute enough to raise its head fairly often. Every- 
one the author has spoken to is by now agreed 
that biochemistry is an important enough disci- 
pline to be included as an optional course for 
undergraduates, and to be offered either in the 
chemistry or in the biology department. (For 
various reasons, not always clear, in some colleges 
the course is given in the chemistry department; 
in others, in the biology department.) No science 
major, so the argument runs, can be considered 
well equipped without an introductory course in 
biochemistry. But what if the graduating student 
decides to become an M.D. or a D.D.S., instead 
of continuing his studies in chemistry or biology? 
As a prospective medical or dental doctor, he is 
compelled to take a course in biochemistry in his 
first professional year. Should he be discouraged 
during his undergraduate days from taking this 
subject, and perhaps take in its stead some more 
mathematics, or physics, or physical chemistry, 
or organic chemistry? Since many instructors in 
the professional schools are loath to allow credit 
for work done at the undergraduate level, is there 
not the danger of needless repetition and conse- 
quent waste of time? 

The reaction to these questions is a mixed one. 
A number of instructors in the professional 
schools dismiss the problem by asserting that 
biochemistry as taught by them is a totally dif- 
ferent affair from any biochemistry given in 
undergraduate schools. Others are of the opinion 
that they would prefer students without a pre- 
vious course in the subject. All are agreed that a 
good background in mathematics and physics is 
desirable. 

The content of the lectures may include car- 
bohydrates, lipids, proteins, enzymes, digestion, 
blood, respiration, urine, intermediate metabo- 
lism, energy metabolism, foods, vitamins, tissues, 
detoxication, immunochemistry and antibiotics. 
Often, these last two topics are lightly touched 
upon, since they are taken up in detail under 
microbiology. In the agricultural school, blood 
and urine is excluded, and the stress is upon 
polysaccharides and plant products. In dental 
schools much time, relatively speaking, is devoted 
to saliva and to the chemistry of bone and teeth. 
The sequence of the topics is by no means uni- 
form. 

In two dental schools, the same lectures are 
offered to dental and to medical students. The 
laboratory work may differ in some details. 
Judging by discussions with various representa- 
tives, the feeling is growing that the two types of 
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students should come under the same biochem- 
ical roof. 

It should be emphasized that a graduate stu- 
dent wishing to specialize in biochemistry may 
choose a biochemical department attached to a 
medical school, or one independent of it. Some 
institutions have no medical schools; here the 
choice is simple: whatever graduate work in 
biochemistry exists is to be found in the graduate 
school of arts and sciences, and in the school of 
agriculture. In most universities there are medical 
schools; and for various reasons, largely historic, 
the biochemical center is often found in the 
medical school, though other parts of the uni- 
versity may also engage in biochemical teaching 
and research. Under such conditions, the gradu- 
ate student has the privilege of specializing under 
the supervision of a professor in the medical 
school or one outside of it. 

In connection with the lectures, all the places 
visited also include conference hours (or ‘recita- 
tion’ hours), at which time discussions dealing 
with lectures—and laboratory—topics are under- 
taken. These discussions are usually in the 
nature of explaining the difficulties encountered 
by the student, rather than any attempt to ‘quiz’ 
the student. 

Whereas the entire class in every school attends 
the lectures, the conferences are limited to not 
more than 12-15 students. In the laboratory, the 
entire class—often amounting to 100 or more stu- 
dents—may be accommodated at one time, 
provided the laboratory is large enough. When 
this is not the case, the class is divided into two or 
more sections depending upon the size of the 
laboratory. In any event, just as the conferences 
are limited to about 15, so, in the laboratory, 
provision is usually made so that there is an 
instructor for every 12-15 students. 

The examinations are given periodically, usu- 
ally some two or three during the term, and one 
final examination at the end of the semester. 
Rarely do the tests include practical examinations 
in the laboratory. This, in the opinion of some, is a 
shortcoming. 

Perhaps the most prevalent drawback in the 
lectures, with the younger men, particularly, is 
the attempt to cover too much in too short a time. 
Sometimes the students were much too busy 
writing at top speed to appreciate to the full what 
was being said. And is it really necessary to cover 
so many pages of the note book? Is there not 
much that can be referred to a textbook? Are not 
a few stimulating ideas, plus the explanation of 
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some obvious difficulties, more than enough in 
one discourse? 

The Laboratory. If the lectures at different in- 
stitutions bear some resemblance to one another, 
this is not true of the laboratory work. To be sure, 
some experiments, such as those involving quan- 
titative determinations of blood constituents, are 
common in a number of colleges and universities; 
however, the philosophy underlying the course 
differs widely in different institutions. 

The practical difficulties, which to some extent 
limit the value of the undergraduate course, 
more particularly, arise from limited space and 
limited apparatus, so that students often work 
in pairs rather than singly, and they perform dif- 
ferent experiments to avoid the necessity of 
duplicating costly apparatus. But this situation is 
not unknown even in some of the professional 
schools. 

While on the subject of laboratory work, it may 
be pointed out that almost invariably the instrue- 
tor emphasizes the principles involved in the 
experiments about to be carried out; and during 
the laboratory hours which follow, the alert in- 
structor has an excellent opportunity, by ques- 
tions and discussions, to get to ‘know’ the stu- 
dents. It is, indeed, in the laboratory where 
instructor-student relationship may become of 
paramount importance. 

Where dental students do not take the same 
course as medical students, the lectures and the 
laboratory work for these men tend to be along 
more traditional lines: the approach is that of a 
decade ago. The lectures, to be sure, do include 
some of the latest advances, but the laboratory 
work seems to have changed little over a period 
of time. What distinguishes the course is the 
emphasis on saliva, and a study of teeth and bone. 

There is more and more agitation for doing 
what some schools already do, and that is to have 
the first two years (preclinical) the same for 
dental and medical students. ‘Far from subor- 
dinating dentistry to medicine,” reads one report, 
“this concept recognizes that patients come to 4 
dentist as entire organisms rather than disem- 
bodied mouths. It repairs the unnatural] cleavage 
from general medicine which has led dentistry to 
study its special field in isolation for a hundred 
years.” 

The amount of animal work (whole animals, in 
contrast to tissue slices) varies. Some institutions 
have little. Others hold a number of demonstra- 
tions illustrating food deficiencies of one kind or 
another and involving the use of rats, rabbits, 
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guinea pigs, etc. Such experiments, in coopera- 
tion with groups of students, sometimes run 
through the better part of the term, and are an 
adjunct, so to speak, of the main laboratory 
activity. 

The difficulties of correlating laboratory work 
with the lectures have already been stressed. In 
one institution, only too fully aware of this 
situation, a few fundamental experiments—each 
experiment elaborately designed—are selected to 
illustrate important statements made in the 
lecture. For example, the statement is made in 
the lecture that the liver forms urea; in the lab- 
oratory an experiment is set up to prove the point. 
Or again, statements are made in the lectures 
emphasizing glycolysis in the brain; or the part 
played by mitochondria in cell respiration. Here 
again, significant experiments would emphasize 
these statements. All such experiments are car- 
ried out by groups of students, and they get 
together to compare results. 

Advanced Courses, Graduate Work. Relatively 
few places offer many formal advanced courses 
in the department of biochemistry. Two common 
courses deal with special biochemical prepara- 
tions, and with biochemical techniques. Depend- 
ing upon the institution and its requirements, the 
student may be directed to take one or more 
courses in a number of subjects: biophysics, 
microbiology, nutrition, etc. 

A fairly well-equipped graduate, with substan- 
tial courses to his credit in the field of mathe- 
matics (through calculus) , physics (at least one to 
two years), chemistry (quantitative, organic and 
physical) and biology (at least one year), will be 
expected to devote some three years toward 
acquiring his doctor’s degree. Depending upon 
the particular department, and the university, 
he will undoubtedly take more courses in chem- 
istry, perhaps some more in biology, and may be 
expected to pass a ‘qualifying’ or ‘comprehensive’ 
examination before he starts his more serious 
work in the laboratory. His particular mentor, as 
well as others of the instructional staff, can form a 
pretty good idea of the student’s capabilities after 
watching him at work in the laboratory and in the 
seminar for some two years or so. The successful 
defense of the thesis, and the passing of a foreign 
language examination (usually German and 
French), may complete the requirements for the 
Ph.D. 

It is at this level—during the three years of 
graduate work—that the student needs the 
guidance of the top men in the field of research. 
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Here the teaching art is of secondary importance; 
of first importance is the creative mind. The 
tendency in the Germany of the past for students 
to wander to several universities to sit at the feet 
of pre-eminent scholars is not precisely followed 
in this country; but more and more the graduate 
student, with the advice of his college instructor, 
now selects the professor rather than the uni- 
versity. 

The Staff. At some undergraduate schools, 
where the teaching is heavyy—maybe 15 hours a 
week—and the classes are few and small in 
number, the instructor in biochemistry is often 
asked to teach one or more subjects outside his 
field of specialization. But this is not true of 
graduate and professional schools; here whatever 
teaching is done is in the field of biochemistry 
proper. In such places, the teaching—or, at least, 
the bulk of it—is so arranged that it is concen- 
trated in one term, thus giving freedom for re- 
search in the following term. For it must be 
emphasized that aside from one’s own proclivities, 
stimulus for research comes from the authorities 
in charge, who make it clear that publications are 
of the utmost importance in questions involving 
promotion. This is, of course, truer of universities 
(including the professional schools) than of col- 
leges; here, too, research counts; but good teach- 
ing is also weighed in the balance. 

The fact that frequent publications are de- 
manded sometimes presents an acute problem to 
the younger man. He wants to do a good job at 
teaching, but his value is weighed in terms of 
research, so that the tendency may be to neglect 
the former in favor of the latter. This is, of 
course, not always true. 

One distinguished professor has presented the 
situation in this way: I demand that every mem- 
ber of my staff be an effective teacher, because we 
owe this to the students; and our first job is to the 
students. If he is not a good teacher, he does not 
stay as an instructor, though he may stay as a 
research associate without teaching duties. How- 
ever, no effective teacher can regard his position 
as secure unless he also produces creditable work 
in the field of research. 

And, in fact, everyone with whom the topic 
was discussed agrees that the combination of 
effective teaching and active researcher is essen- 
tial for the equipment of the superior teacher, 
though neither one in itself is enough. 

As to the nature of the research problem under- 
taken by the younger staff member, he is usually 
given every opportunity to select his own topic 
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and to develop it individually (or as the leader of 
a group). In some cases he joins forces with the 
head of the department, particularly when the 
problem is ‘big’ and the results may be such as 
to arrest general attention. Here the pattern has 
been set in the past by German university pro- 
fessors. And, of course, it must be admitted that 
—to pick a name at random—Emil Fischer could 
not have accomplished all he did except for an 
army of assistants and Ph.D. candidates. 

Students. How do the students react toward 
the course in biochemistry? How close is the 
contact between the student and the instructor? 
Are students asked to comment on the course? 
Undergraduate and graduate students usually 
have a different approach to the subject than do 
professional students; the former may take the 
course if they wish to; the latter must take it. The 
tendency in the medical school is to make the 
subject more and more a basic course in science, 
rather than one full of clinical applications. The 
reason for this is two-fold: in his first year the 
student is not prepared to understand fully the 
clinical implications; and the science itself, resting 
largely upon the shoulders of chemistry, physics 
and biology, has so broadened that no time is 
left in an introductory course to stress applica- 
tions; though, of course, some obvious allusions 
to pathology (carbohydrate metabolism and dia- 
betes, hormones and thyroid disturbances, etc.) 
cannot be avoided. 

It is with some such problems in mind that a 
movement is on foot to introduce a course in the 
third or fourth year, which will be essentially in 
the nature of a review of biochemistry from the 
point of view of the clinician, with biochemists 
and clinicians taking part in the seminars. 

In the meantime, how do the medical (and 
dental) students react to biochemistry? In two 
instances, as a result of written opinions handed 
in anonymously, the students voted it the most 
popular in the school, even though they regarded 
it as one of the most difficult. Everywhere the 
students were encouraged to express their opin- 
ions—to criticize as well as to praise. Some of the 
objects of their criticisms were directed to lectur- 
ers who covered too much in too little time; to 
laboratory exercises which occasionally did not 
‘work’; and to textbooks which had too many 
pages (“if only we had the time to read all that 
stuff’’). 

An Institute of Biochemistry. In the view of a 
number of biochemists (and others in related 
fields), “biochemistry has attained the status of 
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an independent discipline.”’ It can no longer be 
regarded as just a necessary appendage of the 
medical school; it belongs to the science depart- 
ment of the univeristy. Just as we have a depart- 
ment of chemistry, or of physics, so we should 
have a department of biochemistry—a depart- 
ment of the university. 

It has been suggested that the model for such 
an arrangement is the Biochemical Institute at 
Cambridge, England, over which Hopkins pre- 
sided for so long a period. This biochemical insti- 
tute is the center toward which all biochemical 
activities are drawn. Here undergraduates, grad- 
uates and professional students are taught bio- 
chemistry. Here the staff is large and varied, and 
research activities are on the widest scale. 

Of course, it is quite possible that the medical 
school may be some distance removed from the 
institute. In such a case, a subdivision of the 
department would be established at the medical 
school; but guidance would still largely come from 
headquarters—the central institute. 

Such an idea, if carried out, would also avoid 
some duplications such as now exist at universi- 
ties, where sometimes biochemical courses are 
given at various levels in various departments. 

There is another aspect to this question. Most 
biochemical departments are attached to the 
medical schools. The authorities in charge of 
the school are primarily interested in the subject 
only in so far as it serves the medical student. 
They are not, as a rule, interested in the loftier 
aspirations of the biochemical staff: that of 
building up a graduate school and stimulating 
research activity. In fact, little of the funds sup- 
plied by the authorities to the biochemical de- 
partment trickle to the graduate sub-division; 
and, indeed, were it not for the relative abun- 
dance, for the time being, of grants from govern- 
ment and private sources, the outlook for grad- 
uate teaching and research would be poor indeed, 
However, it is the hope of those urging the idea of 
an ‘institute’, or, at least, of establishing bio- 
chemistry on a university status, that appropria- 
tions for advanced work will come from the 
university itself, as well as from outside sources. 

An Institute of Biological Research. At one 
university a separate institute has been estab- 
lished to pool the talents of men from industry 
and men from the university in solving some 
fundamental problems. Whatever is discovered 
is published. The institute is called a ‘biological’ 
one because it includes not only biochemists, but 
bacteriologists, endocrinologists, anatomists, ge- 
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neticists, physiologists, etc., drawn from the 
resources both of the university and industry; 
and each problem is attacked cooperatively from 
the broadest angle. Graduate students, working 
for their Ph.D., are the active assistants. 

It is this emphasis on cooperation which is per- 
haps the characteristic feature of the institute. 
For example, a graduate student may be working 
on the problem of protein depletion in the diet. 
His immediate supervisor is the professor of bio- 
chemistry. But working with proteins and with 
animals, questions will arise which may need the 
attention of a specialist in protein chemistry, a 
pathologist, an endocrinologist, etc. These speci- 
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alists are always available within the building to 
cooperate as actively as might be required. 

Every program of research adopted by the In- 
stitute is the result of study by the members of 
its staff and its group of cooperative scientists, 
and the several sponsoring industrial, govern- 
mental and university laboratories. (This, inci- 
dentally, might hinder the productivity of a first- 
class mind, but it might encourage many a young 
man of talent to get the broadest foundation for 
the future.) 

Two broad fields of interest that have engaged 
the attention of the Institute in recent years have 
dealt with the role and metabolism of protein’ 
and protein derivatives in animals; and the origin, 
development and chemo-therapy of cancer. 


CURRENT PRACTICES IN UNDERGRADUATE AND GRADUATE 
TRAINING OF BIOCHEMISTS 


C. A. ELVEHJEM 


From the University of Wisconsin, Madison, Wisconsin 


lL. WE LOOK at the product of biochemical 
training in the United States, we find the quantity 
at the bachelor’s level to be very small. Data col- 
lected by the Office of Education (Higher Educa- 
tion, vol. 12, page 56, December 1955), on earned 
degrees conferred by institutions of higher educa- 
tion, show 144 bachelor degrees in biochemistry 
for the year 1954-55, or .05% of the total degrees 
conferred. This means that relatively few institu- 
tions have an organized undergraduate major in 
biochemistry. In those institutions where the 
department of biochemistry is part of the medical 
school, and this includes about 75% of the total 
institutions, there would be no reason to have 
an undergraduate major. In the departments 
which are separate from the medical school, 
either in the college of agriculture or in the col- 
lege of letters and science, or where the work is 
part of the chemistry department, a formalized 
major is usually available. This major consists of 
about 15 credits of work in biochemistry beyond 
an elementary course and includes two to four 
credits of thesis work. However, the number of 
students selecting this major is usually very low. 
For example, at Wisconsin the largest number 
taking such a major in one year was in 1924 


when 15 students graduated with a major in bio- 
chemistry. In recent years the number at Wis- 
consin has been less than five. I indicated that 
the major was beyond an elementary course, 
since in the institutions where biochemistry is 
connected with agriculture, the department 
usually gives elementary courses for agricultural 
and home economics students. Often these courses 
include students in veterinary science and re- 
lated areas. In medical schools such courses are 
offered for nurses and dental students, and often 
they are given without a formal course in organic 
chemistry as a prerequisite. 

When we turn to the Ph.D. degree, we find 
quite a different situation, for in 1954-55 147 or 
184 degrees were granted depending upon which 
figures are used. In any case there were more 
Ph.D. degrees than bachelor degrees. The only 
other fields in which I found this to be true were 
entomology and astronomy. In biology the num- 
ber of Ph.D. degrees is 10-12% of the number of 
first degrees and in chemistry the figure is 20%. 
About 2% of the total Ph.D. degrees granted in 
a single year are given in biochemistry. For com- 
parison we might indicate the following figures: 
biochemistry, 147; chemistry, 1,005; physics, 511; 
botany, 151; and zoology, 196. It is obvious, 
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therefore, that most of the graduate students in 
biochemistry do not enter with an undergraduate 
major in this specific field. 

Although the bulletins of most graduate schools 
give as one of the entrance requirements that the 
student must have an undergraduate major in 
the field in which he wishes to work or the 
equivalent of such a major, it is obvious that the 
equivalent is used more often in biochemistry. 
From our own experience at Wisconsin, and 
from the comments in the letters which I received 
from chairmen of other departments, the students 
enter either with a background in chemistry or in 
biology. I have often remarked that our students 
are deficient either in physical chemistry or in 
biology. May I refer to two statements made in 
letters which I received. The first from the chair- 
man of a department closely associated with the 
medical school, “Our general requirements for 
admission are training in biological subjects 
equivalent to that of pre-medical students and 
all the chemistry courses offered by the College. 
Admission is based mainly on personal interview 
at which an attempt is made to evaluate the 
knowledge and talent of the applicant. After ad- 
mission, all of our special students are required 
to take advanced courses in organic chemistry 
and in physical chemistry, and during the first 
year here they take the course in biochemistry 
given in the first year of medicine.” The second 
from the chairman of a chemistry department in 
which there is a division of biochemistry, “This 
means that all of our students have had one year 
of physics, one year of calculus, and a year each 
of general, analytical, organic and_ physical 
chemistry. They can be admitted as graduate 
students in biochemistry with no background in 
biology, and this is true of many of our students. 
One of our problems is to give such men an ade- 
quate background in biology.” 

After admission, I gather from the replies 
which I received, there is considerable emphasis 
on courses. Incidentally, some departments make 
a very careful selection, since one chairman said, 
“Last year we had 32 applications and admitted 
four students.” Although there is a great variety 
of courses given under different names and with 
different number of credits, I imagine much of 
the same material is covered and by the end of 
the program a rather uniform training has been 
reached. When the biochemical work is given in 
a department of chemistry, there is a greater 
emphasis on chemistry. In the larger depart- 
ments of biochemistry, a series of courses seem to 
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be established including such subjects as pro- 
teins, carbohydrates, lipids, enzymes, vitamins, 
biochemical methods, plant biochemistry, cereal 
chemistry and dairy chemistry. One reply indi- 
cated that ‘Graduate students entering the de- 
partment are about equally divided between 
those who have had an undergraduate course in 
biochemistry and those who have had none, the 
latter usually being chemistry graduates. In case 
they have had no experience in biochemistry, 
they are required to take our fundamental course 
without credit.” 

The same differences seem to carry over into 
the comprehensive examination. For example, 
from a department of chemistry which has a 
division of biochemistry all students who are 
candidates for advanced degrees are required to 
take the same qualifying examinations as those 
that are demanded of all Ph.D. candidates in 
chemistry. That is to say, he must pass with a 
grade of B, examinations in physical chemistry, 
organic chemistry, analytical chemistry and in- 
organic chemistry, each examination being of 
three hours’ duration. In addition, the bio- 
chemist must pass a written qualifying examina- 
tion in biochemistry. The chairman comments 
further, “I think it is highly probable that these 
requirements are to be changed. The change, if 
accepted by the faculty, will be in the direction 
of permitting him, if his interests are more on 
the biological side of things, to substitute qualify- 
ing examinations in, for example, physiology and 
microbiology for two out of the four stated 
examinations in chemistry.” 

The following is a comment from another de- 
partment where the biochemical work is given in 
the chemistry department: “All of our bio- 
chemistry majors are required to take advanced 
courses in organic and physical chemistry, and in 
addition they have to pass comprehensive ex- 
aminations at the end of their second year in 
these subjects. In addition, our biochemistry 
majors are required to pass a comprehensive 
examination in one other field of chemistry, i.e., 
analytical or inorganic.” Another report gives 
the requirements in a modified form; “The de- 
partment emphasizes the desirability of a broad 
training in chemistry and therefore requires a 
demonstration of some proficiency in the four 
areas of analytical, inorganic, organic and physi- 
val chemistry. Entering graduate students take 
written examinations in each of these areas. 
Failure in any of these examinations indicates a 
deficiency in that area. Such deficiencies must be 
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removed during the student’s first year either by 
passing refresher courses or a second examination. 
In a typical year over two-thirds of our entering 
students will have at least one deficiency area 
and perhaps half of the students will have two or 
more.”’ On the other hand we have the following 
description from a rather large department of 
biochemistry which is separate and distinct from 
the chemistry department: “A student must pass 
an oral qualifying examination before being ad- 
mitted to candidacy for the Ph.D. degree. This 
examination is conducted by a committee ap- 
pointed by the Graduate Council, usually selected 
from a list of persons suggested by the Graduate 
Adviser. The type of oral examination to be 
given the candidate is determined by the Com- 
mittee selected by the Graduate Council, but it 
is the policy of the department to recommend 
that the proposition type of examination be used. 
In the proposition type of examination, the 
proposition should consist of short statements of 
original research problems, ideas, or theories, de- 
rived by the student from advanced courses, 
seminars and the biochemical literature. The 
student should be prepared to present the propo- 
sitions in their proper historical background, give 
their significance, and be able to defend the 
propositions up to the limit of existing knowledge. 
Wherever possible, an experimental approach 
should be given for the solution of the proposition. 
The main stress should be placed on originality. 
The review or seminar type of report will not be 
allowed. The primary purpose of the examination 
is to test for the ability to apply fundamental 
principles of biochemistry to a research problem.” 
I have given the outline of such an examination 
in some detail since I was interested to find that 
several departments now practice this procedure. 

Studying both the letters received and the bul- 
letins from various graduate schools, I was struck 
by the considerable emphasis on course work for 
the Ph.D. degree. Perhaps this is because I have 
often commented that graduate work depends 
upon a professor and a student. Of course, with 
increasing numbers of students it would be pro- 
hibitive for each student to learn all the tech- 
niques from the professor. Therefore, we have 
organized courses so that one professor may give 
training to several graduate students. This is 
quite acceptable if the courses are given to train 
the students for research rather than for the sake 
of saturating them with further facts and figures. 
In any case it is interesting that a very small pro- 
portion of the regulations dealing with graduate 
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work in biochemistry is given to a discussion of 
research or thesis work. I imagine the reason for 
this is that the importance of research for the 
Ph.D. degree is taken for granted and that much 
of this information is transmitted directly by the 
major professor. Perhaps it might be well to re- 
state some of the phrases given by President 
Gilman of Johns Hopkins during the early days 
of graduate work at that institution; for example, 
“The preparation of this thesis requires labor for 
the greater part of an academic year and the 
completed paper is supposed to show the candi- 
dates’ mastery of his subject, his power of inde- 
pendent thought as well as of careful research, 
and his ability to express, in clear and systematic 
order, and in appropriate language the results of 
his study.” 

There seems to be considerable variation be- 
tween institutions regarding the direction of the 
dissertation. In some cases it is clearly stated 
that a committee of three members must approve 
the thesis. In most other cases the work is directed 
by a single faculty member. There also seems to 
be considerable difference in the time of initiation 
of research work. Some clearly state that the dis- 
sertation is not started until the candidate is 
admitted for the Ph.D. degree. I found some 
suggestions regarding temporary faculty ad- 
visers and that “By the beginning of the third 
semester the student will be expected to have 
selected the faculty members with whom he will 
do his thesis problem.” Others state, “As you 
might expect from this, our program is fairly 
heavy on course work, particularly in chemistry. 
To offset this we require our students to begin 
their research work as soon as possible after they 
enroll in the Graduate School.” I know some do 
not agree with my point of view on this matter 
but I am going to state it nevertheless. The 
earlier, and by earlier I mean the first month, a 
graduate student comes in contact with a re- 
search problem, the better training this student 
will obtain. It is only when a student encounters 
actual experimental difficulties that a student 
will truly comprehend the literature in his field of 
specialty whether it be a detailed description of 
an analytical method or the attempt to explain 
certain results. You will note that I said come in 
contact with a research problem since I agree 
with Dr. C. N. H. Long! that if a student is 
assigned too soon to a particular problem, it is 


1 Pediatrics 15: 203, 1955. 
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likely that he will become too highly specialized 
in a single, often narrow, field. 

I found no significant deviations in the lan- 
guage requirement. Many stated: “Students 
must have demonstrated a reading knowledge of 
German and French before they may be ad- 
vanced to candidacy.” In some cases the student 
may have a choice of two languages in which 
there is significant literature in his field. 

Most of the outlines and statements give spe- 
cific considerations to a minor. The minor most 
often mentioned is that of organic chemistry. 
Others include physical chemistry, bacteriology 
and physiology. More extensive work in the 
minor field is suggested by some departments; 
for example, “Two minor areas of study are re- 
quired. The first must be outside of the Chemistry 
Department. The second minor is an area of 
chemistry.” In this connection it is important to 
point out that biochemistry is frequently used as 
a minor area for other departments. In our basic 
course at Wisconsin, ‘Principles of Biochemistry,’ 
over one-half of the students enrolled are from 
related departments such as bacteriology, botany, 
zoology, plant pathology, etc. 

A number of comments were made on the im- 
portance of seminars in graduate work. For 
example, “All students majoring in the depart- 
ment are obliged to register in our general 
seminar course, each student for the M.S. degree 
must take a minimum of three credits, and each 
student for the Ph.D. degree must take a min- 
imum of six credits in this course.’’ At Wisconsin 
we practice the same general procedure, that is 
all students must take a year of general seminar; 
beyond that we have individual journal clubs for 
various areas of work. Usually credit is not given 
for these journal clubs, but the credit is given 
through the research work. For example, the fol- 
lowing comment comes from one of the chairmen: 
‘Most of our staff members have more or less in- 
formal research seminars in addition to the 
departmental seminar.” 

A few chairman commented on the importance 
of the graduate students having teaching experi- 
ence. However, I found no department where 
teaching experience was required of all students 
receiving the Ph.D. degree. It is apparent that a 
much larger proportion of graduate students are 
supported as research assistants than as teaching 
assistants. However, the importance of having 
some teaching experience cannot be under- 
estimated. A survey of this situation in our de- 
partment during the past several years indicates 
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that well over half of all the Ph.D.’s which we 
turn out have had considerable teaching experi- 
ence. 

Perhaps we should say a few words about the 
master’s degree in biochemistry. In some depart- 
ments no attempt is made to provide graduate 
training beyond the master’s degree. However, in 
other departments the students proceed either 
directly to the Ph.D. degree, or the master’s 
degree is merely an intermediate in the total 
training for the Ph.D. degree. In one department 
it is stated: “In most instances students will be 
expected to enter the department as candidates 
for the M.S. degree. This will permit further 
evaluation and provide a terminal degree if it 
does not seem advisable to continue for the Ph.D. 
degree. Other students may, of course, only wish 
to devote the time required for the M.S. degree.” 
It is my own feeling that the introduction of the 
master’s degree is important for other reasons. 
Often the student is so busy gathering data that 
he fails to have much experience in preparing 
material for publication or for a thesis. Often the 
students attempt to prepare the final Ph.D. 
degree thesis in a short period of time and become 
frustrated in the attempt. If the student has had 
some experience in preparing a master’s thesis, 
the later preparation of the Ph.D. thesis is much 
more effective. In an analysis that I made in 
1949, 1950 and 1951 regarding the master’s and 
Ph.D. degrees granted in the United States and 
Canada, I found about an equal number of the 
two degrees. However, in an analysis of the 
students receiving the master’s degree only about 
one-half of them continued for graduate work. 
Thus it appears that about half of the students 
receiving their master’s degree continue for a 
Ph.D. degree and about half of those receiving 
Ph.D. degrees do not stop for a master’s degree. 

In closing this paper I would like to make a 
few specific comments. I think it is obvious that 
in the field of biochemistry there is a close rela- 
tionship between departments. It is apparent to 
me that where biochemistry is a division of the 
chemistry department, I always find emphasis of 
importance of working with related departments 
such as biology, bacteriology, and so on. In those 
cases where the Department of Biochemistry 
stands alone there is again great emphasis on the 
importance of working closely with the depart- 
ments of basic chemistry. Since biochemistry is 
made up of two components, the bio part and the 
chemistry part, this relationship is especially sig- 
nificant. It has given us strong biochemists in 
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the past and I believe it is the only hope for the 
future. The relationship may be formalized by 
granting a joint degree between biochemistry 
and a related department. At Rutgers University 
a further attempt to bring biochemistry into 
closer contact with biology has been made 
through the Bureau of Biological Research. 
“The four departments of biology in the College 
of Arts and Sciences, Bacteriology, Botany, 
Physiology and Biochemistry, and Zoology 
divide the area of biology into its field of special- 
ization. These departments nurture the develop- 
ment of the specialist and present in courses the 
fundamentals of each specialty. The Bureau of 
T.ological Research is a fifth department where 
teachers and students from the other four de- 
partments may meet on common ground to study 
cooperatively problems in biology. A graduate 
student, for example, may elect to specialize in 
biochemistry. If so, he will be trained in the 
fundamentals of this specialty in the Department 
of Physiology and Biochemistry. The student’s 
major professor, as a member of the Bureau as 
well as the Department of Physiology and Bio- 
chemistry, may bring him into the integrating 
environment of the Bureau for his experience in 
research and in working with other specialists. 
In this environment, the student will find a 
group of specialists with their students who will 
discuss his problems with him, examine his ex- 
perimental designs, his results, and all of his 
ideas critically and sympathetically. Thus both 
student and teacher, even though they are spe- 
cifically trained as biochemists, are forced to see 
their work and thoughts from the viewpoints of 
the physiologist, pathologist, endocrinologist, 
nutritionist and all the other specialties. They 
learn to see the living system in its true dimen- 
sions and not as an unreal image which reflects 
the limitations of the specialized artist.” 

Another point which struck me in a few com- 
ments was the importance of special equipment 
and service facilities. For example, one report 
stated these service facilities include the micro- 
analysis, infrared, ultraviolet spectra facilities, 
ultracentrifuge, mass spectrometer, electro- 
phoresis equipment, and so on. Biochemistry has 
relied in the past on the availability of animals of 
various species, of plants and of microorganisms, 
but I am convinced that in the future we must 
also supply the physical instruments needed for 
accurate measurements. 

This brings us to the methods of training 
students in the use and understanding of these 
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instruments. Several replies referred to courses on 
biochemical methods or biochemical techniques. 
Personally I am worried about courses of this 
kind because they seem to take a tremendous 
amount of time from the student. However, in 
our own department I can honestly say that Dr. 
Strong has developed a course in this area which 
is tremendously valuable to our students and 
does not require an extraordinary amount of 
time. At the University of Chicago arrange- 
ments are made for students to work with two 
members of the staff—each for half of one 
quarter—on a specific problem assigned by the 
staff members. 

If you will allow me I should like to mention 
one innovation which we have established in our 
department known as the departmental seminar. 
As the department grew and individual professors 
or groups of professors established their own 
journal clubs we were beginning to appreciate 
that graduate students could be trained in our 
department without knowing what was going on 
in other areas. Our departmental seminar meets 
once a month and every student who receives a 
Ph.D. degree in our department must appear be- 
fore this group. All of our graduate students and 
all our staff members attend these meetings. The 
student, therefore, has the experience of present- 
ing his material before a fairly large audience. 
The student also knows that this is a critical 
audience and that questions may be put to him 
from many different individuals. It also gives 
the entire department an opportunity to know 
what is going on, what progress is being made in 
various areas and how this progress may relate 
to their own individual work. While graduate 
work will undoubtedly remain in the realm of a 
relationship between a professor and a student, 
the problem of communication will become ever 
more difficult. Thus, whatever methods we can 
use not only for communication but for the im- 
provement of communication will undoubtedly 
help in a field such as biochemistry which does 
cut across several disciplines. 

In conclusion, I think it is obvious that each 
of the some 60 departments of biochemistry use 
different techniques for the training of graduate 
students. I hope that this situation will continue 
and that no attempt will be made to standardize 
the methods. Only one standard needs to be used 
by all departments and that is a quality product. 
The methods of reaching the end product may be 
many and diverse. 
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; ALBERT EINSTEIN CoLLEcE of Medicine of 
Yeshiva University is being developed on the 
basis of two concepts: utilization of programs 
which experience has established as sound, and 
experimentation in newer areas or programs of 
medical education, with sufficient objectivity and 
flexibility to permit subsequent alterations in the 
curriculum, as experience may indicate. One edu- 
cational experiment presently in progress in the 
Albert Einstein College of Medicine is the teach- 
ing of the first year courses in biochemistry and 
physiology as a single discipline. This is the first 
year of operation of the College of Medicine and 
consequently the data should be considered pre- 
liminary and certainly incomplete. The present 
first year class consists of 55 students; beginning 
in September 1956, each entering class will be 
96 in number. 

Before this experiment is described, several 
obvious and generally known postulates inherent 
in all experiments in medical education should be 
restated. These are given in what is our idea of 
the order of their importance. First, the faculty 
should have enthusiasm for and interest in a 
proposed new program and should be qualified 
for its development. In terms of integration and 
correlation of subject matter, this implies that 
faculty members themselves will have a sig- 
nificant degree of interest in, and knowledge of, 
those associated areas to which their own field 
of special interest is being related. As a minimum, 
the interests of the participating faculty should 
be of adequate breadth to permit education of 
the staff as well as of the students. Second, a 
soundly conceived and thoroughly discussed pro- 
gram. Third, good interpersonal relations between 
faculty and students. These relations are in- 
fluenced greatly by the overall philosophy of a 
school with respect to attitudes toward students, 
including interest and enthusiasm of faculty for 
the education of the student, and the intellectual 
atmosphere which is provided for the student. 


Fourth, the nature of the physical facilities, 
which can have a great influence on the ease 
with which a new-program may be developed. 
Let us now consider the experiment under dis- 
cussion, namely, planning a course in_bio- 
chemistry in a new medical school: reunion with 
physiology. The term reunion recognizes that 
biochemistry and physiology were once as one. 
Up to the beginning of the 19th century, knowl- 
edge from studies of living systems was not 
segmented or classified as to whether the con- 
tribution was made by physiologists, chemists, 
or so-called chemical physiologists or physio- 
logical chemists. As the body of scientific knowl- 
edge regarding living organisms grew, and as an 
increasing number of diversified tools from 
various sciences were applied to the fundamental 
problem of the nature of living things, specializa- 
tion inevitably developed. The expansion of 
scientific knowledge encourages specialization. 
Physiology arose as a branch of anatomy; bio- 
chemistry as a branch of physiology and chem- 
istry, and, more recently, of physics. Pathology 
had its origins in anatomy and physiology, and 
pharmacology in chemistry and _ physiology. 
This increasing specialization was, and continues 
at the present time, logically to be encouraged 
by specialized mentors, each with his own par- 
ticular ‘school’ of training. Each of these basic 
sciences, in their application to medicine, has 
focused on the fundamental problems of the 
nature, functions and mechanisms of actions of 
living things, in order to understand more com- 
pletely the aberrations or derangements which 
occur in disease, so that more logical preventive 
and therapeutic measures may be instituted. 
The subject matter of biochemistry has been 
developed from studies of the composition of 
cells and the mechanisms by which the isolated 
components of cells participate in cellular phe- 
nomena. The biochemist has attempted to re- 
late these events to the intact animal. In turn, 
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the knowledge of physiology has derived from 
studies of the whole animal, of organs, and of 
organ systems. The data obtained by the bio- 
chemist from in vitro studies have been utilized 
by the physiologist to explain in vivo phenomena. 
Like the biochemist, who has studied cellular 
phenomena in vitro as well as in vivo by the use 
of classical physiological tools, the physiologist 
has often derived for himself information from 
in vitro systems examined through chemical 
analysis. In the case of some systems it is not 
possible, and is indeed futile to separate informa- 
tion into biochemical and physiological compart- 
ments. Both disciplines have the common aim of 
explaining physiological phenomena in physical 
and chemical terms. This is apparent whether 
one is examining the distribution of ions or solutes 
across cell membranes, the mechanics and 
chemistry of respiration, kidney function, or the 
activity of the nervous system. 

For educational goals, whether these be in the 
medical curriculum or in the research laboratory, 
lines of demarcation between biochemistry and 
physiology are becoming increasingly dim. One 
can discern both groups of specialists converging 
to a greater and greater degree on a more spe- 
cifically circumscribed area of interest, the living 
cell. The organ and organ system physiologist is 
considering the cellular phenomena of the organ 
under study; the biochemist, long engaged in 
taking cells apart and isolating components in 
purified or crystalline form, is becoming increas- 
ingly concerned with the reconstruction of the 
component parts into a functioning unit. We 
are, indeed, witnessing a renaissance of cellular 
biology, in which period our identity as bio- 
chemists and as physiologists may well disappear. 

It is recognized that separation of biochemistry 
and physiology continues to be useful for pur- 
poses of administration and for making specializa- 
tion possible, both with respect to the teaching 
of specialized aspects of each subject and the 
training of specialists. The identification and 
correct classification of the scientists involved 
will not be lost, but will continue to stem from 
the nature of their published researches and from 
the type of training given in their laboratory to 
future teachers and investigators. 

When an analysis of the subject matter of bio- 
chemistry and physiology is made, four broad 
areas are apparent. These are: 

1) The nature and quantity of the constituents 
of living things. 
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2) The nature and mechanisms of the reactions 
in which the constituents of living organisms par- 
ticipate. 

8) The physiological manifestations of these 
reactions. 

4) The mechanisms by which the diverse 
activities of the organism are integrated to pro- 
duce unification of the human body as a single 
functional entity. 

With this information an approach has been 
made to the formulation of a single, unified 
course in biochemistry and physiology. This ob- 
jective was sought in every aspect of the teaching, 
namely, laboratory, conferences and _ lectures, 
with the view of eliminating reference to whether 
a particular topic under discussion was _bio- 
chemistry or physiology. However, to facilitate 
the program, and pending further education of 
the faculty of the two departments, major re- 
sponsibility for various portions of the course has 
been allotted to those faculty members initially 
most familiar with that material. As experience 
and knowledge are acquired, this aspect of the 
program may be gradually decreased. 

The teaching program has been based on a 
philosophy in which the major degree of emphasis 
is placed on laboratory work, on the student 
doing things with his own hands, and with most 
of the teaching being done with small groups 
of students, in the laboratory and in informal 
conference groups. Review questions are provided 
and discussed. Didactic lectures are reduced in 
number. The lecturer elucidates material difficult 
of interpretation in textbooks, presents recent 
developments, and provides a rounded picture of 
a subject by bringing together related material 
from diverse fields. In general the lectures do not 


TABLE 1 


I. Physical-chemical principles 
Ii. Cellular composition 
. Enzymes 
IV. Biological oxidations 
V. Respiration 
. Energy metabolism 
. Carbohydrate metabolism 
VIII. Muscle 
. Circulation 

X. Protein metabolism 

XI. Lipid metabolism 
XII. Nutrition 
XIII. Large intestine; 
feces 
Kidney: water and electrolyte metabolism 
Special tissues and special body fluids 
Special senses 


intestinal movements; 


XIV. 
XV. 
XVI. 
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TABLE 2. DISTRIBUTION OF HOURS IN 

BIOCHEMISTRY—PHYSIOLOGY COURSE 
Type of Exercise Hr. %of Total Hr. 
Lectures 36 9.5 
Laboratory 252 65.0 
Conferences 62 16.0 
Clinical application of 36 9.5 
basic sciences 
Totals 386 100.0 


repeat material which the student can readily 
read. Examinations in course are given to aid the 
student in assessing his own progress, and to help 
the faculty to ascertain which students may need 
extra instruction. Grades are occasionally re- 
corded by the faculty and sometimes are not; 
policy on this point is still undecided. 

Initially, the faculties of the two departments 
each prepared a list of topics which, on the basis 
of their past experience, seemed desirable to in- 
clude in a teaching program for the first year 
medical students who would come prepared with 
previous instruction in gross anatomy, histology, 
embryology, genetics and some neuroanatomy. 
The list of topics was discussed at great length 
and subsequently arranged for presentation in 
the order indicated in table 1. It should be noted 
that neurophysiology and endocrinology, tradi- 
tional segments of the instruction in physiology 
and/or biochemistry, are missing from the sub- 
ject list. In the present curriculum of the Albert 
Einstein College of Medicine, neurophysiology 
and neuroanatomy have been organized as two 
separate but parallel disciplines presented by the 
Departments of Physiology and Anatomy, and 
endocrinology as a single course organized by the 
Departments of Anatomy, Biochemistry and 
Physiology. Table 2 shows the relative distribu- 
tion of hours among lectures, laboratory and 
conference sessions in the course presently in prog- 
ress. The hours designated as ‘Clinical Applica- 
tion of the Basic Sciences’ are devoted to cur- 
rently studied concepts illustrated by clinical 
problems either in the form of patient presenta- 
tion or as a symposium organized around a 
particular topic, with participation by clinical 
faculty. These hours are also used to show films. 
Evaluation of experience will undoubtedly be 
followed by modifications of the teaching pro- 
gram. As mentioned previously, the hours pro- 
vided for neurophysiology and endocrinology are 
not included in the course under discussion, but 
are encompassed in other courses. These hours 
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TABLE 3. TOTAL HOUR DISTRIBUTION IN BIO- 
CHEMISTRY—PHYSIOLOGY, INCLUDING NEURO- 
PHYSIOLOGY AND ENDOCRINOLOGY 
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% vf % of % of % of 
Hr.| total! Hr.| total) Hr.| total} Hr. | total 





hr, hr, hr. nr. 
Lectures | 36 | 9.5} 14 | 17.0) 6 | 18.6) 56 | 10.9 
Laboratory 252 | 65.0) 44 | 53.6) 27 | 61.4/323 | 63.1 
Conferences 62 | 16.0) 12 | 14.7] 6 | 13.6) 80 | 15.6 


Clinical application | 36 | 9.5) 12 | 14.7} 5 | 11.4] 53 | 10.4 
of basic sciences 








Totals 386 100.0) 82 |100.0) 44 |100.0/512 |100.0 





























are indicated in table 3 in order to complete the 
picture for the reader who may wish to make 
comparisons with other first-year curricula. In 
general it would appear that the total hours 
represented in table 3 by biochemistry-physi- 
ology, neurophysiology and endocrinology are 
within the range of the total number of hours 
allotted to biochemistry and physiology to- 
gether in medical schools generally. The present 
program differs largely in the relative distribu- 
tion of these hours among the various types of 
teaching exercises. 

The laboratory work emphasizes teaching in 
small groups, maximum student participation, 
quantitative concepts, modern tools, and logical 
development, wherever possible, of experiments 
from preceding exercises. Two full days per week 
are set aside for laboratory work, and some ex- 
periments require more than a single laboratory 
day. Thus certain aspects of the laboratory in- 
struction may be eligible for designation as 
project studies or project programs. 

The student laboratories were constructed to 
accommodate eight students each, and were de- 
signed to permit the teaching of most laboratory 
exercises commonly conducted in courses of bio- 
chemistry or physiology. The floor plan of a 
typical laboratory is indicated in figure 1. There 
are twelve of these unit laboratories, to accom- 
modate an anticipated maximum class of 96 
students; each unit laboratory is equipped as a 
research laboratory with the students sharing all 
of the equipment in the room. In addition, there 
are six laboratory rooms for use in experiments 
with special equipment which cannot be dupli- 
cated in every student laboratory. One might 
immediately infer that division of the class into 
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(0- q etc., the students work in the special laboratory 
i rooms in groups, on a rotation basis. This means 
that several different experiments may be under 
—— way on a single laboratory day, and that this 
group of experiments may be repeated over a 
tale period of several laboratory days, in order to 
permit all students eventually to participate in 
% of each experiment. 
oa In planning the laboratory experiments, the 
— Physiology Department members reviewed the 
10.9 experiments proposed by the biochemists and 
aa made suggestions regarding how the biochemical 
10.4 principles involved in various in vitro experiments 
could be illustrated equally well in the intact 
Pe animal. Similarly, the biochemists found it pos- 
+— Fic. 1. Perspective drawing of a unit student sible in some instances to suggest quantitative 
teaching laboratory designed for use by @ group hiochemical measurements or parameters for the 
e the et ae Se ee ere assessing of physiological functions. It is obvious 
make groups of eight, in separate laboratories, may to us that much further growth in these directions 
a. In entail a need for a significantly larger staff, in can be expected in subsequent years as each 
hours comparison with the requirements of the tradi- group becomes more aware of the other’s field. 
hysi- tional larger student laboratories for the basic The list of laboratory experiments finally planned 
| oo sciences. However, this need not be the case, for the current year is presented in table 4. The 
hours provided the teaching staff exhibits a degree of experiments are listed in the order of their 
| enthusiasm with respect to moving about among scheduling for the class. Certain of the experi- 
esent rooms. Thus, a given number of ihstructorsin the ments are exercises which are conducted con- 
tribu- usual single large laboratory generally walk currently by different laboratory groups, and 
es of around the laboratory in order to work with represent a sequence of experiments through 
j various students. If in such a large laboratory which all students ultimately rotate during a 
nee one now creates a few partitions and connecting period of several weeks. It should be mentioned 
ation, doors, the availability of the instructor to the that some experiments are done completely by 
ogical student becomes dependent on the teacher’s each student, whereas others are conducted on a 
ments willingness to go through doors into adjacent cooperative basis, involving 2, 4 or 8 students 
week rooms, rather than taking his customary stroll working as a team. 
ee from area to area in a large laboratory. What evaluation can be presented at this time 
ratory In experiments which utilize special equipment, of the experiment of teaching biochemistry and 
ry & eg. Warburg apparatus, paper electrophoresis, physiology for medical students as a single 
on as 
ae TaBLE 4, BIOCHEMISTRY-PHYSIOLOGY: LABORATORY EXPERIMENTS 
te 
re de- Experiment Experiment Experiment 
ratory 1. Osmotic behavior: red cell 11. Rebreathing 21. Heart-lung preparation 
of bio- 2. Metabolism of red cell in rela- 12. Breath holding 22. Biosynthesis of proteins in 
of a tion to osmotic changes 13. Oxidative phosphorylation vivo foe 
There 3. Body fluid compartments 14. p-Aminohippurate transport 23. Biosynthesis of heme in vitro 
4. Sicklemic hemoglobin in vivo and in vitro 24. Life span of the erythrocyte 
ccom- 5. Electrophoresis 15. Carbohydrate absorption and 25. Nutrition: 
of 96 6. Enzymes glycogenesis a. Nutritional anemia (rat) 
d as a 7. Biological oxidations 16. Harden-Young effect b. Thiamine deficiency (pi- 
ing all 8. Lung pump ee i. Muscle : geon) : : : 
9. Alveolar ventilation and dead 18. Gastrointestinal movements c. Ascorbic acid deficiency 
, there space ventilation 19. Biogenesis from acetate in vivo (guinea pig) 
iments 10. Oxygen dissociation of hemo- 20. Circulation d. Pyridoxine deficiency (rat) 
dupli- globin in vivo e. Choline deficiency (rat) 
might 26. Kidney: water and electro- 
: lyte metabolism 
ss into 
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course? At best the objective assessment of the 
degree of success of any experiment in medical 
education is exceedingly difficult if not impos- 
sible. Innovations or deviations from what is 
customary are both new and untested. Except 
for a similar effort at the University of Western 
Ontario, we are not aware of other current at- 
tempts to present biochemistry and physiology 
as a single subject. The present experiment, like 
others in medical education, can be described, 
but not precisely evaluated. Moreover, in this 
instance the experience and data available are 
much too short and few. Indeed, it is not un- 
likely that this will be a continuing experiment, 
with new experiences and information being ob- 
tained during each successive year of the course. 
It is only possible at this time to record a few 
preliminary impressions. 

First, it is our opinion that the faculty of the 
two departments have benefited greatly by the 
program attempted. The enthusiasm of the staff 
members possibly stems in part from the newness 
of the laboratory experiments, and the attendant 
expansion of knowledge of each teacher who is 
participating. The members of the Department 
of Biochemistry are relearning the physiology 
which may have been studied as a course some- 
time between 5-25 years ago. In turn, the 
physiologists are coming again in contact with 
basic biochemical principles, to which each had 
formerly been exposed. This has not just been 
the experience of reviewing a subject once taken 
as a requisite for a higher degree, but also having 
emphasized for one the vast extent to which 
knowledge has expanded in the intervening years. 
In addition, relationships between biochemistry 
and physiology not discernible at an earlier stage 
of intellectual development suddenly assume 
reality and greater significance. This has led to 
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planning of cooperative research on the part of 
some members of the two departments. 

It is not possible to assess the value of this 
teaching experiment for the students, since there 
are no controls with which comparisons can be 
made. It appears that the student, in his learn- 
ing of the subject matter, is not troubled to at- 
tempt to distinguish between what is physiology 
and what is biochemistry. The students are find- 
ing for themselves that not infrequently a par- 
ticular topic or subject is discussed in both the 
biochemistry and the physiology texts available 
to them. This has served to stress for the student 
that the demarcation between physiology and 
biochemistry is, in many instances, either dim or 
arbitrary. 

It is the opinion of the two departments that 
emphasis on extensive reading and on work in 
the laboratory has encouraged significantly the 
intellectual growth and independence of most of 
the students. Of the present student body of 55, 
15 students are planning to conduct research 
work during the coming summer vacation. 
Periodic written exercises and frequent con 
ferences have provided evidence thet the students 
are acquiring those fundamental principles of 
biochemistry and physiology which, in the opin- 
ion of the faculty, will provide each student with 
the basic information necessary from these sub- 
jects for a career in the practice of medicine or in 
teaching and research. Perhaps this experiment 
will provide further evidence that arrangement 
of subject matter is less important than the 
ability and enthusiasm of the faculty. It is pos- 
sible also that the experiment in progress may 
support the concept that while knowledge of 
constituent parts of a curriculum is essential, 
awareness of interrelationships among these parts 
will facilitate their understanding by, and in- 
crease their significance for, the student of 
medicine. 
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THE TEACHING OF BIOCHEMISTRY IN AN INTEGRATED 
MEDICAL CURRICULUM 


HarLAnp G. Woop 
Department of Biochemistry, Western Reserve University, Cleveland, Ohio 


A MAJOR EXPERIMENT in the methods of medi- 
cal education is being conducted at Western 
Reserve University. It has involved a curriculum 
revision which crosses ali department lines and 
becomes effective from the student’s first day in 
the medica! -hool until his graduation. While 
integration of the subject material is an impor- 
tant part of the new curriculum, this by no means 
covers the entire scope or purpose of the revision. 
The changes go beyond methods of presentation 
of facts. One of the most unique and important 
features of the change is that plans have been 
made by the combined efforts of the entire 
faculty of the medical school. 

Before discussing the role of biochemistry in 
the new curriculum, it is necessary to describe the 
curriculum in some detail. The revised program 
of medical education was started in 1952 and the 
first students are graduating this year. During 
these four years final plans often have been com- 
pleted just a step ahead of the oncoming class and 
during three of these years both the old and the 
new types of curriculum were being taught simul- 
taneously as students in the old curriculum 
completed their training. While some parts of the 
new curriculum have been given for four years, 
others are now being given for the first time. 
Although considerable experience has been gained 
in teaching biochemistry in this curriculum, 
clearly there is much experimentation yet to be 
done before anything resembling a stable struc- 
ture is obtained. The curriculum will be modified 
over the years as data are obtained from which 
critical changes can be planned. 

The general plans were made as follows: it was 
agreed by the faculty that there would be three 
phases in the medical curriculum and these are 
indicated in figure 1. Phase 1, lasting one year, 
concerns normal structure, function, growth and 
development. Phase 2, lasting one and one half 
years, concerns alterations of normal structure, 


This research in medical education was sup- 
ported in part by a grant from The Commonwealth 
Fund of New York. 


function, growth and development and study of 
disease. Phase 3, lasting one and one half years, 
concerns the clinical application of the material 
learned in Phases 1 and 2. In order to formulate 
the first broad plans of the three phases, three 
interlocking committees were set up, one for 
each phase, with each department represented 
on the three committees. By faculty decision 
these three committees were instructed to plan 
the teaching as a cooperative venture of the 
faculty on an interdepartmental basis with or- 
ganized teaching groups to carry out particular 
portions of the program. Therefore the broad 
plans were set up by the three committees and 
the curriculum of each phase was divided into 
subjects as illustrated for Phase 1 in figure 2. 
Then subject committees were appointed with 
the interdepartmental representation shown in 
figure 2, and these subject committees made the 
final detailed plans and did the actual teaching. 
The study of the normal biology at a cellular 
level is the first subject. The subject committee 
on cell biology includes the study of development 
of cellular energy, cellular growth and cellular 
structure. The properties of enzymes and an 
introduction to intermediary metabolism are 
given. The material is presented in a correlated 
manner by three biochemists, a histologist, a 
physiologist, two microbiologists and a represent- 
ative of the clinical department. Biochemistry 
plays a major role in this subject committee but 
by no means the exclusive role. Microbiology 
makes up part of this subject quite naturally 
since some of the best examples of cellular 
growth and metabolism come from microbiology. 
The next subject committee is on tissue biology 
and the neuromuscular system. In this committee 
the anatomy and physiology, along with the 
histology and the biochemistry, of the locomotor 
and the nervous systems are considered. Anatomy 
plays the dominant role in this committee. Gross 
anatomy is limited to approximately 65 hours in 
Phase 1. Dissection in Phase 1 is done on the 
infant cadaver. The major part of gross anatomy 
and dissecting of the adult cadaver is postponed 
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PHASE | PHASE 2 PHASE 3 
NORMAL ALTERATIONS OF CLINICAL 
NORMAL APPLICATION 
OF MATERIAL 
IN PHASES 
STRUCTURE STRUCTURE 1 AND 2 
FUNCTION FUNCTION 
GROWTH GROWTH 
DEVELOPMENT| DEVELOPMENT 
YEARS 
T T 
' 2 3 4 


Fig. 1. The three phases of the four-year med- 
ical curriculum. 


to the second and third years so that it may be 
correlated with diseases and with examination of 
patients. In Phase 1, the neuromuscular system 
is followed by consideration of the cardiovascular 
system and the respiratory system in which 
physiology takes the leading role. Next the 
metabolism subject committee covers the diges- 
tive system, the liver and kidney. Here again 
biochemistry plays a substantial role. The last 
committee considers the endocrine system and it 
includes the reproductive system. 

Each subject committee has a representative 
from at least one clinical department. The subject 
committees present correlation conferences using 
patients to illustrate the importance of the basic 
science which is being presented. 

To improve over-all correlation there is a coor- 
dinator for each of the three phases. All subject 
committees submit their plans to the coordinator 
of the phase. The coordinator goes over the entire 
plan with all the chairmen and co-chairmen of the 
subject committees of the respective phases. The 
completed plan is submitted to the heads of the 
departments that are involved for approval of 
subject matter and of teaching personnel. The 
actual teaching is under the direction of each 
subject-committee chairman once the plans have 
been approved and the departments as such play 
a minor role. 

ixaminations have been greatly curtailed. 


ANATOMY BIOCHEM. PHYSIOL. OTHERS 


CELL BIOLOGY 1 3 1 3 

TISSUE BIOLOGY AND 

NEURO- MUSCULAR ! 2 2 
CARDIOVASCULAR AND 

RESPIRATORY ! e ! 
METABOLISM 2 2 3 I 
ENDOCRINES 2 ! s 1 

Fie. 2. Staff of the subject committees of 

Phase 1. 


FEDERATION PROCEEDINGS 


Volume i 


Each subject committee gives an examination 
but the examination is given anonymously and 
the grades are not recorded. The answers ar 
graded either ‘satisfactory’ or ‘unsatisfactory 
and returned to the student. In this way the 
student can evaluate his performance and the 
subject committees can evaluate what they have 
accomplished. A comprehensive examination is 
given at the end of each phase, which again is 
graded ‘satisfactory’ or ‘unsatisfactory’ and only 
the unsatisfactory students are identified. These 
examinations replace the continual series of 
examinations which were given at Western Re 
serve University; there were 30 or more in a year 
and departments frequently vied for the student's 
time by way of the examinations. 

An important part of the interdepartmental 
teaching is the multidiscipline laboratory in which 
the students carry out experiments designed by 
the subject committees. The Phase 1 laboratory 
is pictured in figure 3. In addition to the labora- 
tory benches, it contains writing desks which ar 
used for microscopy and for study. This labora. 
tory is the student’s home base. It is open at all 
times and his space is not used by any other 
student. Anatomy, physiology, histology, bie 
chemistry and microbiology are all done in this 
laboratory. There are three such laboratories, one 
for Phase 1 and two for Phase 2 since the latter 
covers parts of two years. These laboratories 
replace the seven departmental laboratories d 
the old curriculum. The gross anatomy in Phase! 
is done in the multidiscipline laboratory, but the 
adult cadaver is dissected in Phase 2 in the de 
partment of anatomy. In Phase 1 the laboratory 
consists of six units such as pictured and each 
houses 16 students. These small laboratory units 
lead to quiet, more serious work and allow im 
timate supervision by the staff. Laboratory ex 
periments have been designed which require 
integration of the disciplines and illustration of 
principles. Routine tests for this or that com 
pound have been eliminated unless the test i 
actually required in an experiment. Correlation 
with the didactic material is stressed. 

The above discussion presents a very brid 
picture of the subject committees’ activity i 
Phase 1, but this is only one of the four activities 
as shown in figure 4. 

Subject Material. The subject committe 
teaching requires a major part of the time and 
provides the basic floor of facts and principles 
By the subject committee’s approach, integration 
is encouraged and there is careful screening d 
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material for selection of the most important items 
of study. Since complete coverage is impossible, 
basic principles are emphasized and non-essential 
material is eliminated. There is a great deal of 
give and take in the subject committees. 
Clinical Methods. The clinical material of 
Phase 1 deals with the patient-physician relation- 
ship. Each student is assigned a normal pregnant 
mother who has been carefully selected by a social 
worker from patients registered at the University 
Hospitals. The student visits the home, follows 
the mother’s course, observes the delivery and 
then studies the growth and development of the 
infant. Integrated with the observation of the 
mother and child are didactic and discussion 
groups. Supervising this clinical program is a 
physician who as preceptor meets with his group 
of eight students once or twice a week. The stu- 
dent has four different clinical preceptors with 
whom he works in the three phases of the curricu- 
lum. The long and continued contact with the 
different physicians does much to help the stu- 
dents in acquiring good habits of medical practice 
learned through example and leadership. 
Scientific Method. The third major activity of 
Phase 1 is the project. The project is designed to 
stimulate learning of the scientific method 
through participation in a scientific investigation. 
During the second half of the first and second 
years one day each week has been set aside in 
both Phases 1 and 2 for the student to work on 
his project. This is a required part of the curricu- 
lum. The staff of both the clinical and preclinical 
departments submit projects. The students select 
their preference or submit suggestions for a proj- 
ect of their own design. In the latter case, they 
are required to find a faculty sponsor. A project 
committee screens all projects to determine 
whether they are suitable. Primarily this involves 
a decision of whether the project will illustrate 
the scientific method and whether it is too difficult 
for the time available. The projects may consist 
of laboratory experiments, library research or a 
study of clinical or other subjects. Projects are 
designed to bring experience in depth, critical 
evaluation and participation in methods of inves- 
tigation and verification. A written progress 
report is required at the end of the first and second 
years. The student may continue the project in 
his third and fourth years. A thesis on the sub- 
ject is required in the fourth year. The project 
provides a long-term contact of faculty and stu- 
dent in which the student can learn by example. 
Projects are graded as ‘satisfactory’ or ‘unsatis- 
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Fie. 3. Multidiscipline laboratory of Phase 1, 
for 16 students in which the student does all his 
laboratory work for the first year. The bench in 
the foreground accommodates two students; 
writing desks are for microscopy and study. 


factory’ and form part of the student’s record. 
During the summer vacation many students 
elected to work on their projects and they may 
obtain summer—research fellowships. 
Self-Education. Free time and elective time 
are provided to encourage the student to carry on 
much of his own education. In the previous 
curriculum in the School of Medicine the student 
had little chance to develop his own initiative 
since he attended classes 5.5 days a week. There 
was little time to do anything else. On those occa- 
sions when there was free time it was an hour here 
and an hour there. In the present curriculum 
during the first 214 years the student is given 14 
days of free time in the middle of each week in 
which he has the initiative to choose his own 
activities. There is an elective program in Phase 3 
which is an extension of the philosophy of giving 
the student the responsibility of conducting his 





SUBJECT COMMITTEES: SCIENTIFIC METHOD 
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CLINICAL METHOD: Family Study, Physical Examination 





SELF EDUCATION 
(FreeTime, 1% days/week) 











Fie. 4. Diagram of Phase 1, the first year, show- 
ing the subjects in the two semesters (9 months). 
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Fig. 5. Daily schedule of time in first and 
second semesters of Phase 1. 


own education in a manner which is left to the 
individual. 

Figure 5 gives an outline of the daily schedule 
for the student in Phase 1. In the first half of the 
year there are three activities: subject committee 
teaching; clinical science for two hours on Tues- 
day and one hour on Saturday; and free time on 
Tuesday afternoon and all day Thursday. During 
the last half of the year Wednesday is set aside 
for projects. Accordingly, if the student takes an 
interest in his project, a fairly large block of time 
is available since he has free time on Tuesday and 
Thursday. Project activity on Tuesday and 
Thursday is entirely voluntary. The student also 
makes his call on his family to see the mother and 
child during his free time. 

Phase 2 can be considered only briefly and is 
diagrammed in figure 6. Phase 2 constitutes three 
semesters and is broken by the summer vacation. 
The subject committees have as their responsi- 
bility the presentation of abnormalities of struc- 
ture and function which make up disease. The 
committees in Phase 2 are usually broader in 
membership than in Phase 1 because of the addi- 
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tion of members of the several clinical depart- 
ments. Disease is presented from many aspects | du 
including etiology, mechanism of injury, symp- ] gré 
toms, clinical features, diagnosis and treatment, ]} tu! 
and these are considered as an integrated whole. { to 
To obtain this integration, all the specialities of | Th 
the clinical and basic science fields contribute. tio 

The student is introduced to disease as related } stu 
to cells and tissues, then to infectious diseases and |{ stu 
chemical agents. The latter study includes gen- | tea 
eral pharmacological principles. Then he considers | me 
diseases of the organ systems and finally inter- | de 
related disturbances of several systems. It is | bic 
during the presentation of organ systems that the | de 
dissection of the adult cadaver is done. The | hal 
anatomy of each system is studied as the disease | tak 
of that system is considered. Detailed neuroanat- | stu 
omy and dissection of the head and neck are | in’ 
taught in the third year. he 

The projects and free time are continued in | an 
Phase 2. The clinical study of the mother and | les 
baby is expanded to include the siblings. sur 

We will say little about Phase 3. An overall | are 
schedule of the three phases is shown in figure 7. | ha’ 
There are three required clerkships in Phase 3, | the 
The first is a clerkship of four months in which | ser 
the principles of clinical medicine are taught ina | clit 
cooperative fashion without primary concern for ] 
any branch of medicine. The problem of the pa- | qu 
tient is the integrating factor and the clerkship is | the 
conducted by an interdepartmental committee | prc 
from medicine, surgery and other clinical fields, | tw 
The other required clerkships are two months in | shc 
obstetrics and gynecology and two months in | yes 
ambulatory medicine. There are six months for | the 
elective time in which the student may elect other | an 
clerkships, courses (clinical or preclinical), proj- 
ects or other special problems including courses 
or work in another university. a 

Bloctinical study section | SCIENTIFIC METHOD Nervous System 

SUBJECT COMMITTEES: Projects PY Head ond Neck 
Introduction 3 Locomotor System 
ata s Extremities 
nies, “oo eh eee 
Chemicel praedggcaee } ype rT 
a ee 
— Mole genitalia i ee 
Skin 
CLINICAL METHOD: Approech to the Patient, Family Study, Continuity Program a 
SELF EDUCATION - Free Time, 1% days/week . 

Fig. 6. Diagram of Phase 2, the second year 
and the first half of the third year, showing the ] 
subjects in the three semesters (14 months). fou 
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In Phase 3 bioclinical study sections are intro- 
duced. These study sections are designed for 
groups of 10-15 students. They give the oppor- 
tunity to study a selected disease in detail, and 
to gain more experience in a selected department. 
This study is designed to illustrate the contribu- 
tion of both biological and clinical sciences in the 
study and elucidation of disease. Each group of 
students is under the supervision of a faculty 
team, one member from a basic science depart- 
ment and one member from a clinical science 
department. The students have the choice of 
bioclinical study sections offered by the different 
departments. Each section is conducted during 16 
half days in a given semester and the student 
takes two such bioclinical study sections. These 
study sections provide an opportunity for study 
in depth. They show the student that much that 
he is taught in subject committees is superficial 
and that the problem is more complex and often 
less clearly understood than it appears in the 
survey presentations, which subject committees 
are forced to give due to the limited time they 
have available. Bioclinical study sections bring 
the clinical and preclinical staffs together. They 
serve to continue basic science teaching in the 
clinical years. 

In the usual medical curriculum there fre- 
quently is a large gap in understanding between 
the preclinical and clinical sciences. The present 
program is aimed at a better understanding be- 
tween the two groups with the thought that each 
should supplement the other throughout the four 
years. Although the emphasis changes throughout 
the curriculum, as shown in figure 8 the preclinical 
and clinical teaching is presented at all times. 
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Fig. 8. Distribution of time between clinical 
and preclinical studies in 4 years and cross-over of 
disciplines. 


There is a natural interrelation of ideas in the 
teaching of subject committees, in correlation 
conferences, in projects and in bioclinical study 
sections. 

It is seen that an attempt is made in the curric- 
ulum to promote four major types of learning: 1) 
a floor of facts and principles which are essential 
tools for the physician; 2) an experience in the 
scientific method in the belief that the scientific 
method is part of a good physician’s armamentar- 
ium; 3) self-education since it is necessary that 
the physician continue his education throughout 
his life; 4) proper attitudes toward himself as a 
physician and toward medicine as a profession. 

One criticism of the above discussion may be 
that it describes in a general way the curriculum 
but does little toward telling about the teaching 
of biochemistry. One of the first questions fre- 
quently asked is, ‘Do the students learn as much 
biochemistry with this method as they did in the 
old curriculum?” Also it is asked, ‘Is this a good 
method of teaching biochemistry?”’ The answer 
to the last question is that this is a method of 
presenting an integrated course in medical science 
and is not intended to be the best method of 
presenting biochemistry. The answer to the first 
question, ‘Do they learn as much biochemistry?” 
is difficult. The students of the former curriculum 
probably could pass a more detailed examination 
immediately after they completed the biochem- 
istry course, but over the years the present stu- 
dents may retain a larger fund of biochemical 
information. In the present curriculum they have 
longer and more continued contact with biochem- 
istry, not because the biochemistry staff teaches 
much more in the clinical years, but rather be- 
cause our clinical faculty strives to correlate and 
apply biochemistry in their teaching. The clinical 
faculty is becoming better and better qualified to 
do this because they are associated more and more 
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with the preclinical departments. The application 
of biochemistry or any preclinical science at the 
bedside falls to the physician. 

The preclinical scientist has as his first responsi- 
bility advancement of knowledge and mainten- 
ance of high standards of his field at his univer- 
sity. To attempt to become acquainted with the 
broad clinical problems of patients would in most 
cases preclude deep and penetrating study in the 
basic science which is his direct responsibility. 
Not only is the preclinical faculty responsible for 
training medical students, they are responsible 
for training Ph.D. graduate students and for 
training post doctorals (both Ph.D. and M.D.). 
To do this they must provide leadership in their 
speciality. The staff of the biochemistry de- 
partment limits most of its teaching to Phase 1 
and to a few subjects in Phase 2. Biochemical 
subjects are taught by biochemists and they do 
not attempt to teach anatomy, histology, etc. 
Nevertheless, through reading in a limited sub- 
ject, there is opportunity to become acquainted 
with what the other members of the committee 
are presenting and to integrate. If the labora- 
tory is anatomy, the anatomy department pro- 
vides staff for its supervision; if the experiment 
requires special experience in physiology, the 
physiology department assumes responsibility. 
However, in many instances the laboratory has 
an integrated theme and has been so designed. 
In such experiments the interdepartmental sub- 
ject committee conducts the laboratory. If the 
full power of a university faculty is drawn upon, 
as can be easily done in subject committee 
teaching, where men from all departments are 
used, it is usually possible to find a person who 
is fully competent to assist in teaching the bio- 
chemistry at any level of Phase 1, Phase 2 or 
Phase 3. The bioclinical study sections in Phase 
$ are set up in a field of interest to the individ- 
uals presenting the subject and thus offer little 
problem. 

The actual teaching of biochemistry is no 
more time-consuming or difficult in the present 
curriculum than in former curriculum. The 
planning and evaluating takes time; the devising 
of new laboratory experiments is costly, but 
such experiments should be devised in any cur- 
riculum. Project teaching is expensive of faculty 
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time, but this is not an essential part of the 
subject committee teaching. Projects can and 
have been conducted with departmental type 
teaching (Yale). 

The great advantage of the curriculum at 
Western Reserve University is that it permits 
the large teaching staff of the medical school to 
consider medical teaching as a single body. Yet 
the system preserves the department structure 
in which people of similar interests unite to 
foster their field and to provide advanced train. 
ing for the Ph.D. At Western Reserve University 
the preclinical departments are just as interested 
in the training of Ph.D.’s as they are in training 
the M.D. The Medical School looks on the 
training of Ph.D.’s as part of its function in 4 
university. Phase 1 serves as the basic course 
for our graduate students covering the require- 
ments in biochemistry, physiology, histology, 
anatomy and microbiology. Projects and clinical 
science are not taken by the graduate students, 
Phase 1 is a prerequisite for all advanced courses 
in biochemistry, microbiology and physiology, 
and for the biochemistry degree advanced 
courses in chemistry are required. Most im- 
portant is extensive research in the laboratory 
on the subject of the Ph.D. thesis. A staff active 
in research, with critical judgment, enthusiasm 
for their field and eager to offer advice and aid 
to those they will train is essential for a good 
Ph.D. program. The new medical curriculum 
does not interfere with the fostering of such a 
staff either by increased time required for teach- 
ing nor by demands placed on the preclinical 
faculty in the clinical teaching. 

It is too early to evaluate the success of the 
program, but my observation is that most of 
the faculty and students like the new curriculum. 
It will be modified no doubt, but it is here to 
stay at Western Reserve University. 


The author wishes to thank J. W. Patterson 
for permission to use figures 1, 2, 7 and 8. These 
are to be published in a paper by Dr. Patterson 
in the Journal of Medical Education. Figures 4 
and 6 are a personal communication from T. Hale 
Ham. Figure 5 is from An Experiment in Medical 
Education at Western Reserve University. A Sym- 
posium on the Evaluation of the Program. New 
York: Association of Life Insurance Medical 
Directors of America, 1954, p. 3. 
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GRADUATE TRAINING IN THE MEDICAL SCIENCES 
Eric G. Batu 
From the Division of Medical Sciences, Harvard Medical School, Boston, Massachusetts 


IL. IS MY MAIN PURPOSE today to describe for 
you our experiences with a special course which 
has been established at the Harvard Medical 
School for the primary purpose of training grad- 
uate students in the basic medical sciences. 
Before I do so, it will be best if I first outline 
briefly the framework within which our graduate 
training program is carried out. 

All candidates for the M.A. or Ph.D. degree 
in the departments of anatomy, bacteriology, 
biological chemistry, pathology, pharmacology 
or physiology at the Harvard Medical School 
are enrolled in the Division of Medical Sciences 
of the Graduate School of Arts and Sciences. 
This Division is an administrative device through 
which these six basic medical science depart- 
ments are able to funnel their relations with the 
Graduate School of the Faculty of Arts and 
Sciences as a group instead of separately. The 
Division of Medical Sciences is thus a unit of 
the Faculty of Arts and Sciences and is housed 
in the Medical School. Its teaching staff is com- 
prised entirely of members of the Faculty of 
Medicine and a certain selected number of these 
are chosen each year to sit with the Faculty of 
Arts and Sciences as representatives of the Divi- 
sion. Thus there is achieved a marriage of con- 
venience, and, I may add, a happy one, which 
permits the Medical School faculty to partici- 
pate in the recommendation of the M.A. and 
Ph.D. degrees to students enrolled in the Grad- 
uate School of Arts and Sciences. 

Such an arrangement has not only simplified 
the administrative management of graduate 
training in the Medical School, but has also 
served to unify the approach to graduate train- 
ing in the basic medical sciences without, how- 
ever, curtailing the individual rights of the 
separate departments. Until four years ago, the 
training program of a graduate student in the 
Division had the following pattern. Upon ad- 
mission he was required to name the department 
in which he desired to obtain his degree. This 
department then planned the student’s schedule. 


By agreement of all departments, it was re- 
quired that all Ph.D. candidates, besides taking 
course work in their major subject, must also 
pass with an honor grade course work in two 
collateral fields. For example, the candidate for 
the Ph.D. in biochemistry would take the bio- 
logical chemistry course for medical students to 
satisfy the requirements for his major subject. 
As collaterals he could present two of the other 
basic medical sciences, for example physiology 
and bacteriology, here again taking the courses 
given to the medical students in order to fulfill 
these requirements. Or he might present instead 
as his collateral courses advanced physical and 
organic chemistry, journeying to Cambridge to 
take these courses. This type of program was 
flexible, but it had many drawbacks. First, it 
presented problems in course scheduling for the 
entering student and often left him with a make- 
shift and weak schedule for his all important 
introductory first half year since, for example, 
biological chemistry and physiology were not 
offered until the second semester. Second, a 
student in biochemistry could graduate under 
such a program with little or no concept of the 
contributions being made to medical science in 
the fields of pharmacology, bacteriology, his- 
tology or, even in a few cases, in physiology. 
Finally, the formal course training he did receive 
in the basic medical sciences was obtained as a 
member of a class of 130 medical students. 
Without being too derogatory, let it suffice to 
say that such training was certainly not ideal 
for developing that core of tough intellectual 
processes needed for individuals destined for a 
career of research and teaching. 

This dissatisfaction with the graduate training 
program led us, some years ago, to explore ways 
and means for improving it. After much delib- 
eration in committee meetings, it was decided 
to establish a special full-year course which 
would serve to give basic training to all first- 
year graduate students regardless of the field in 
which they chose to major. With the generous 
aid of the Commonwealth Fund and the hearty 
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support of Dean Berry and the heads of the 
various departments, this course was launched 
in the fall of 1952. The broad objectives of this 
course were to be the following: 

1. To introduce the student to the literature, 
experimental methods and fundamental 
principles associated with each of the basic 
medical sciences. 

2. To present this material in an integrated 
fashion in such a way that the course cen- 
ters around the morphological and func- 
tional characteristics of organs and organ 
systems rather than around the discipline. 

3. To stress thoroughness of approach to the 
topics selected rather than to attempt too 
wide a coverage. 

4. To endeavor to inculcate in the student an 
ability to evaluate data critically and to 
present orally experimental results in a 
clear and concise manner. 

The course is now in its fourth year and I 
believe it is fair to say that it has in a large 
measure lived up to these objectives. 

Let me now briefly outline some of the main 
features of this course. 

Schedule. The course is scheduled for five 
days a week for the full academic year. It con- 
stitutes the entire program of the first-year grad- 
uate student. A lecture is given each morning at 
9 o’clock which lasts for an hour to an hour and 
a half, and it is immediately followed by a dis- 
cussion period in which students and staff join. 
The remainder of the day is devoted to work 
in the laboratory or library, or is made free to 
to student to use as he sees fit. No rigid labora- 
tory schedule is adhered to, the program being 
molded to the needs of the particular task at 
hand. Thus, the time factor is not allowed to be 
a deterrent to the undertaking of any project. 
The schedule is shaped to fit the experiment and 
not the experiment to fit scheduled hours. 

Curriculum. Previous descriptions of the 
course (1-4) have dealt with the details of the 
curriculum. It is sufficient to say here that the 
course begins with the single cell as its topic 
and deals with its structure, chemical composi- 
tion, metabolism and function, proceeds to the 
consideration of multicellular units and organ 
systems, and concludes with the treatment of 
the whole animal and its relationship to the 
environment. An effort is made to present topics 
in logical sequence and each topic is developed 
in such a way as to permit an integrated treat- 
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ment of the contributions made to it by the 
various basic medical sciences. For example, the 
kidney is dealt with after the alimentary trac, 
lungs, vascular system and heart have beg 
covered; then there are studied within a period 
of two to three weeks the embryological and 
structural features of the kidney, the processes 
of urine formation, the influence of drugs o 
renal function and renal hypertension. The com. 
bined experimental techniques of anatomy, 
physiology, biochemistry, pharmacology and 
pathology are thus brought to bear on the study 
of the kidney as a functional unit. 

It should be stated that gross anatomy is not 
covered to anywhere near the extent that it is 
in the regular course for medical students. Only 
those aspects of gross anatomy are presented 
which are necessary to permit an understanding 
of the function of the organ system under study 
or of the relationship of this organ system to 
the animal as a whole. 

The Staff. The staff is composed of one mem- 
ber from each of the departments of anatomy, 
bacteriology, biological chemistry, physiology, 
pharmacology and pathology. Each department 
head designates the member of his department 
who is to participate in the course. It is arranged 
for this member to be relieved of other teaching 
duties and only those are chosen who have a real 
desire to participate in the program. Staff mem- 
bers are rotated. In the four years the course 
has been running, each department has had at 
least two representatives and some three. Such 
rotation of the staff serves a double purpose. 
First, it permits more staff members to savor 
the course and really to understand its purpose. 
Second, it continually introduces new ideas and 
view po.nts. As chairman of the course, it has 
been interesting for me to watch the growth of 
enthusiasm of new staff members as they begin 
to taste the full flavor of this approach to teach- 
ing. Until one has bitten deeply into it for him- 
self, this flavor cannot be appreciated, nor once 
tasted can it be adequately described to others. 
It is like love; all the poets’ descriptions of it are 
no substitute for the experience. 

Another interesting aspect of the course as it 
relates to the staff members is the education 
that they themselves receive. The instructor not 
only renews and extends his acquaintance with 
the subject matter of fields other than his own, 
but also comes to see more clearly the interrela- 
tionship between his research approach and that 
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of his colleagues. Indeed, the course has been 
the stimulus to the launching of more than one 
joint research project by its staff members. 

The course also profits by the voluntary par- 
ticipation of other members of the Medical 
School staff. During the early phases of the 
course we have the willing and helpful coopera- 
tion of members of the late Dr. Cohn’s depart- 
ment in presenting the physical chemical aspects 
of the cell. From time to time, other faculty 
members give lectures or participate extensively 
in the planning and supervision of certain labo- 
ratory experiments. This contact with faculty 
members has in some cases so aroused students’ 
interest that it has led them, on completion of 
the course, to pursue their thesis work in the 
particular area presented by these faculty mem- 
bers. 

The Laboratory. A special laboratory has been 
constructed to accommodate 20 students. The 
floor plan of this laboratory has already been 
published (3). It is designed and equipped so as 
to permit all types of experimental work to be 
performed and also to give the student a home 
base where he can study if he so desires. It con- 
tains a small reference library. Each student is 
given a key to the laboratory and building and 
he is free to come and go at any hour of the 
day and night. We have found that this home 
laboratory stimulates and facilitates the ex- 
change of ideas among the students. As Henry 
Steele Commager has recently written in his 
article entitled ‘The Problem Isn’t Bricks—It’s 
Brains” (5), ‘Given the right atmosphere, the 
appropriate facilities, and time, students will 
educate each other.”’ 

The laboratory experiments are for the most 
part newly designed. They are a credit to the 
ingenuity and enthusiasm of the staff. The mere 
amalgamation and assembling in juxtaposition 
of the laboratory experiments employed in the 
various medical student classes has certainly had 
no place in this course. For most of the experi- 
mental work the class is divided into groups, 
optimally of four members. Each team works on 
a different aspect of the topic under study, per- 
forming a thoroughgoing job with repetition of 
experiments when needed. The complete exercise 
May require a week or two for each group to 
complete. At the end of the block of time as- 
signed to the topic, each group works up the 
data it has obtained and presents them to the 
class and staff at a conference period. Such con- 
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ference sessions may consume a whole day. Each 
group’s results and conclusions are critically 
evaluated by the class as a whole and discussed 
in relation to the literature and lectures. I must 
be frank to admit that the laboratory conference 
sessions early in each course are discouraging 
and sometimes disjointed affairs. As the year 
progresses, however, their character changes 
markedly and they become exciting and stimu- 
lating discussion groups. These conference ses- 
sions, to my way of thinking, provide a far better 
means for the evaluation of students than any 
examination system yet devised. It is here that 
one sees most clearly the growth and develop- 
ment of the students’ minds. The ripened fruit 
of these conferences is evident at the end of the 
year when we hold an oral examination at which 
each student defends, before the staff and in- 
vited examiners, some proposition of his own 
formulation previously screened by the staff. 
The titles of some of these are arresting, as can 
be seen from the following few examples: 

1) Is stereochemical specificity an obligatory 
condition of biological processes? 

2) Acetylcholine functions as a synaptic trans- 
mitter in the central nervous system. 

8) The invading bacteriophage provides the 
gene component responsible for the altered 
metabolism of the bacterial cell. 

4) Immunological paralysis, actively acquired 
tolerance, and the tumor-enhancing effect have 
at their basis a common mechanism. 

5) Enzyme adaptation involves protein syn- 
thesis. 

Upon completion of the course, the student 
enters the department of his choice to complete 
his training and carry on his thesis work. Stu- 
dents are not required to make this choice until 
they have completed the course. It is of interest 
to note that to date nearly one fourth of the 
students have selected a field different from that 
which they designated as their goal upon en- 
trance. Bacteriology and pharmacology gain at 
the expense of biological chemistry. Since over 
half of all students enrolled enter biological 
chemistry anyhow, this transfer of allegiance is 
a healthy one from the standpoint of medical 
sciences as a whole. 

Another unexpected dividend provided by the 
course is the difference in attitude of the students 
who have completed the course to the taking of 
further course work. There is no longer any need 
to encourage, indeed I should perhaps say force, 
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students to take certain advanced courses with- 
out which they will find themselves handicapped 
in their careers. The need for training in certain 
areas in which they are deficient has become 
abundantly clear to them and they are eager to 
rectify such deficiencies. 

The course has also served to attract a larger 
and better qualified group of candidates for ad- 
mission. Most of our current applicants specifi- 
cally mention the course as one of their reasons 
for applying at Harvard. The objects and design 
of the course thus seem to appeal to students, 
and the interest of students is aroused before 
they enter. It is therefore obvious that if any 
evaluation of the merits of the course are to be 
attempted, they will be complicated by the fact 
that we are undoubtedly dealing with better raw 
material than under the former system. 

During the last three years a handful of medi- 
cal students has also been enrolled in the course. 
A group of students was selected from the top 
portion of the entering medical class and offered 
the opportunity to substitute this course for the 
usual first-year curriculum. This was done not 
with the intent of luring these men away from 
medicine into the pre-clinical sciences, but to 
obtain some knowledge as to whether a course of 
this type is practical and feasible as a training 
program for medical students. My own conclu- 
sion would be that this type of program is indeed 
practical. Whether it provides a better basic 
training for the physician than the customary 
program cannot be answered by our experience 
to date. It must be recognized that the men we 
have selected are of such high caliber that they 
would undoubtedly thrive under any program. 
* would, however, venture to say that these men 
have profited by their experience. It is certainly 
true that they have enjoyed it. These medical 
students take gross anatomy in their second 
year, using time gained by reason of their study 
of certain aspects of pharmacology, pathology 
and bacteriology in this special course. 

Now to conclude my remarks you are perhaps 
expecting me to make some evaluation of our 
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experiences. You might ask, for example, how 
does the student trained in this special course 
compare with those trained by the former sys- 
tem, or will the student so trained become a 
better teacher or research worker? I doubt that 
such questions can be answered now or even in 
the tuture. Certainly any judgment that I might 
attempt to give would be prejudiced because I 
must frankly admit I am extremely enthusiastic 
about this type of training program for our 
graduate students. None the less, there is no 
denying that the course has certain distinct ad- 
vantages and I have already dealt with some of: 
these. However, it is not these points that I 
would like to stress now. The most important 
thing to emphasize, I believe, is the fact that 
the course has provided a means whereby the 
keen interest and enthusiasm of both teachers 
and students have been aroused. The exact de- 
sign, curriculum and schedule of this course, or 
any course for that matter, are secondary in my 
opinion to the question, “Does it provide the 
proper stimulus to teachers and students?” Noth- 
ing dulls interest and enthusiasm so much as to 
“ladle out knowledge from a stagnant pool,” as 
Joel Hildebrand phrases it (6). I have concluded 
from my experience with the young and enthusi- 
astic group of teachers who have participated in 
this venture with me that we need have no fear 
for the future of education in the medical sci- 
ences. We need but give our younger generation 
of teachers a little encouragement and support, 
permit them to cast off the shackles of tradition, 
and we shall truly achieve the solution to some 
of our more pressing educational problems. 
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Automatic 
Distillation Apparatus 





¥* ROTOVAP 


Suitable for batch or continuous operation, Rotovap is completely 
automatic and provides safe, rapid and efficient evaporation of either 
dilute or concentrated solutions. Rotovap will distill 100 ml. of 
aqueous solution at 55°C. in 10 to 15 minutes under the reduced 
pressure of an ordinary water aspirator. Its speed for non aqueous 
solutions is correspondingly high. 

Due to the functional design of Rotovap, evaporator flask can be 
easily heated with a water bath or infra-red lamp. The condenser flask 
can be cooled with a special water spray provided with Rotovap. For 
work with heat-sensitive compounds, condenser flask may be cooled 
with ice. 

For detailed information, write for folder RV. 
32-922 Rotovap complete as illustrated but without funnel, ring and 
WE kere, tees acs So aad Eka ee ae $185.00 


Self Lubricating Teflon Ball and Socket Assembly where all glass system 
is not required 


32-922TB Teflon Connecting Spindle....... Ope AS eo $9.75 
32-922TC Teflon Connecting Elbow... cae Ss Ea enS . $11.50 





¥* FLASH-VAC 


As with Rotovap, Flash-Vac utilizes the principle of spreading a thin 
film of solution over a large area by rapidly rotating—60 R.P.M.— 
the evaporating flask and subjecting the flask to vacuum. When heat 
is desired on the evaporation flask, an infra-red lamp may be mounted 
on rear support rod or a water bath may be used. 
For details write for Bulletin F. V. 
32-922FV Flash-Vac complete with 18-8 stainless steel sleeve with 


24/40 taper, Vacuum tube, “‘O”’ ring seals, enclosed seca meppiitieg rod 
and clamp. Flask and ring stand optional............ $96.50 


* FLASH-EVAPORATOR 


Available in two models FE-2 for batch operation only and 
FE-2C for both batch and continuous operation, Flash- 
Evaporator has an evaporator flask on the right hand side 
which revolves in a hot water bath and a condenser flask on the 
left which is simultaneously cooled by a stream of cold water 
or ice. The two rotating flasks are connected to the revolving 
shaft by a standard taper joint. 

For details write for Bulletin FE 

32-922FE-2 for batch evaporation complete motor, rheostat, 


- watt heater, 2 liter evaporator and condenser flasks with 
T/S 24/40 but without thermo regulator..................... $215 .50 


32-922FE-2C for continuous or batch operation complete with 
motor rheostat, 500 watt heater, 2 Jiter evaporator and con- 
denser flasks with standard tapered joints, thermo-regulator 
and complete glassware for batch operation................ 


DELIVERIES FROM STOCK 
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... “when time & of the essence -”’ 


You can always depend upon 
Nutritional Biochemicals Corporation 
when your needs for Research 


Biochemicals demand speedy delivery. 


e AMINO ACIDS 


e “VITAMIN FREE” CASEIN 
HYDROLYSATE 


e NUCLEOPROTEINS, 
PURINES, PYRIMIDINES 


e “VITAMIN FREE” CASEIN 


e MISCELLANEOUS 
BIOCHEMICALS 





NUTRITIONAL 
BIOCHEMICALS 


CORPORATION Write for 
New Catalog 
August 1956 
Over 1700 Items 
Write Dept. 107 


21010 Miles Avenue e Cleveland 28, Ohio 
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de Fonbrune 
micromanipulator 


Has Smooth, Uniform 
Pneumatic Movement 











Affords new simplicity and flexibility for micro-studies in biological or chemical technics 


See 


New Micro Injector-Aspirator 
for Micromanipulator 


Enables operator to introduce 
or withdraw micro quantities 
into, or out of, the field of 
operation, with precision con- 
trol. The stainless steel micro- 
syringe performs injection or 
aspiration by a screw control. 
The micro-injector-aspirator 
connects to the micro-manip- 
ulator by a polyethylene 
capillary tube. Micro-syringe 
is held in place by brackets on 
a heavy triangular base. Aloe 
No. 59095; write for details. 








The de Fonbrune micromanipulator, incorporating a pneu- 
matic pump system, has proved exceptionally satisfactory for 
micro-studies in many fields. In the biological sciences the 
de Fonbrune instrument is used in cell dissection and isolation 

. micro-injection and operation on the protozoa . . . pH 
studies on living cells . . . isolation and transfer of single bac- 
teria, etc. This flexible instrument has proved equally service- 
able in study of fibers and yeast cells, in investigating oils, 
rust deposits, colloidal, and other materials. 


Manufactured under exclusive license of the French patents, 
the de Fonbrune micromanipulator consists of a manipulator 
and receiver. These units may be used with any type of 
microscope . . . arranged for right or left hand operation. In 
use, the micro-tool is mounted on the receiver. Impulses from 
the pneumatic pumps of the manipulator are transmitted to 
the tool through sensitive metallic membranes. Within a range 
of 3 mm, the micro-instrument may be moved in any plane or 
angle by a single control. Ratio of displacement of control 
lever and micro-tool may be adjusted from 1:50 to 1:2,500 
depending on range desired. 


Write for prices and descriptive bulletin T114. 


DIVISION OF A. S, ALOE COMPANY 


5655 Kingsbury -¢ St. Louis 12, Missouri 
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THE FARRAND/ 
SPECTROFLUOROMETER| 








ULTRAVIOLET For determining spectral distribution of fluorescence 
and the spectral efficiency of excitation of fluorescence.* 
VISIBLE ae 

The Spectrofluorometer permits the determination of 

a large number of compounds that are important in 
INFRARED the study of brain function such as serotonin, bufo- | 
tenine, Rauwolfia alkaloids, chlorpromazine, and lyser- 3 
gic acid diethylamide (LSD), as well as a wide variety © 


of other drugs which cannot be analyzed by the con- 
ventional methods. 


Models are available for manual operation, for record- 
ing or for oscilloscope presentation. 


* Spectrophotofluorometric Assay in the visible and ultra-violet 
—R.L. Bowman, P. A. Caulfield, S. Udenfriend, Science, Vol. 
122, No. 3157, July 1955. 


Bulletin No. 820 upon request. 


FARRAND OPTICAL COMPANY, INC. 


Bronx Blvd. and E. 238th St., New York 70, N.Y. | 
Engineering FO Cc l Precision Optics 


Research ¢ Development Electronic and 
TRADE MARK 
Design * Manufacture Scientific Instruments — 
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Skillfully Designed 
 KJELDAHL APPARATUS 


/ for Micro and Semi-Micro 


OETERMINATION of NITROGEN 


DIGESTION 
APPARATUS 





DISTILLATION 
APPARATUS 





RUN COMPLETE KJELDAHL DETERMINATIONS 
WITH THESE THREE UNITS 





@ Electrically-heated Digestion Unit 
‘ctuae holds 12 flasks: standard types, NPN 
y tubes or newly-designed expansion-bulb 
Cee rES) flasks. Rotary design eliminates former 
difficulty of cold-end flasks. Special 
; : heating feature prevents condensation in 
STEAM BaF J fume hood, and aids in fume exhaustion. 
GENERATOR Distillation Apparatus is available 
with interchangeable entrance tubes and 
vacuum-jacketed distillation flasks 
permitting a wide range in sample sizes. 


Steam Generator consists of a 2-liter 
Pyrex flask and an immersion type 
heating coil. 


Write for Bulletin 2271-P 


| AMERICAN INSTRUMENT CO., INC. 


Silver Spring, Maryland @ In Metropolitan Washington, D.C. 








PACKARD 
FLOW 
COUNTERS 


for Geiger and 
Proportional Operation 


Windowless and 
Flo-Window Types 





1 


Rg 





Windowless 


Model 200A 


Windowless Flow Counter pro- 
vides maximum sensitivity for 
counting solid samples which 
emit very soft radiations. Com- 
mon examples are counting alpha 
particles or low energy betas 
from isotopes such as carbon-14 
and sulphur-35. 


The sample is introduced direct- 
ly into the counting chamber. 
There is no window of any sort 
interposed between the radio- 
active material and the active 
counting volume of the chamber. 
Full 27 geometry is achieved. 





EY d/¢-¥4'0 Instrument Company 


DEPT. Ae P. O. BOX 428 © LA GRANGE, ILLINOIS 





For complete details send card or 
letter requesting illustrated 4-page 
Bulletin 200. 
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A Model 210 


Flo-Window Counter is used 
primarily for beta counting. 
Sensitivity for low energy radia- 
tion is slightly less than with the 
Windowless Flow Counter, but 
greater than with sealed counters 
using the thinnest possible mica 
windows. The very thin plastic 
window prevents undesirable 
effects sometimes encountered 
with internal counting. 


Where adverse sample factors 
might cause erratic windowless 
counting, the Flo-Window 
Counter should be used. Ex- 
tremely good reproducibility and 
stability can thus 
be achieved with 
only a slight loss 
in sensitivity. 
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